Workshop Agenda

VIil. Load Rating Example #2

= . Simple Span Nail Laminated Timber Deck
{without distress) ’

IX. Class Exercise

= Simple Span Nail Laminated Timber Deck ’
{with distress)

X.  Review of worked out examples

XI. Submittal to MN/DOT and Review of
Process

Xli. Common mistakes and questions

Other Examples

. Simble Span, Interior Steel Stringer
with Composite Deck
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Other Examples

+ Simple Span, Reinforced Cdnc':rete T-
Beam
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Other Examples

+ ASR, Timber Abutment Pile with No
Decay
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Other Exémples

» ASR, Timber Abutment Pile with Decay
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Other Examples

+ ASR, Timber Abutment Cap with Loss
of Pile ‘
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Other Examples

+ ASR, Simple Span Timber Stringer
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‘Other Examples
« LRFR, Simple Span Timber Stringer
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Other Examples

» ASR (Using Old Forms)
= Timber Beam -
* Timber Longitudinal Nailed Panel
= Timber Longitudinal Glulam Deck
= Timber Transverse Plank Deck

Other Examples

« LFR & LRFR, Simple Prestressed
Concrete Beams
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APPENDIX B
ILLUSTRATIVE EXAMPLES

Several load rating éxamples are illustrated in this Appendix. Included are the followjng:

Bl - Simple Span, Interior Steel Stringer witha C omposite Deck.
B2 - Simple Span, Reinforced Concrete T-Beam. ‘
B3 -  Timber Stringer

The examples represent typical bridge members. Each of the rating methods, including the Load and
Resistance Factor rating, is illustrated. The examples are not complete since the rating of connections and
investigation of shear'and bearing are generally not considered. '

in the examples which follow, “AASHTO” refers to the AASHTO “Standard Specifications for

Highway Bridges,” “MANUAL" refers to the proposed “Manual for Condition Evaluation of Bridges.” and
“Guide” refers to the AASHTO “Guide Specifications for Strength Evaluation of Existing Steel and

Concrete Bridges.”
EXAMPLE B1: Composite Steel Stringer {Adapted from West Virginia Department of Highways)

Given: A 65' long, simple span highway bridge as shown below.

i 27-2" ,
e , =l
‘ 25-2" 404
' gt haglH ®
L . i
| 1 1
i 5 20 e Py
= ? | |
& | X
o | = ? ! " I : _i—
yo “ 7-1/4 1 | =
i \ ' |2
: ' A
1T T T 1T TX 1T !
10} e ' i
Lc1ax 427 —W 33x130 (Typ.)
:l L 1 N .
e 34 x 10-1/2* E R g x 10172 S , 7 R 344" x 10-1/2"
(38' tong) (40 fong)
3 spa. @ 7-4" = 220"
SECTION
No Scale
Materials: A36 Steel - Fy = 36 ksi : © YearBuilt: 1964
fo.=3,000psi ' - Redundant (multi-Stringer)
Conditions at Site of Bridge: "

ADTT > 1000 with good enforcement.

Maintenance is good and no deterioration was noted.

The approaches and wearing surface are smooth and in good condition.
Inspections are routinely performed.
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Rate a typical [nterior Stringer

Section Properties: In unshored construction, the steel stringer must support its own weight plus the
weight of the concrete sldb. For the composite section, the concrete is transformed into an equivalent area
of steel by dividing the area of the siab by the modular ratio. Live load plus impact stresses are carried by
the composite section using a modular ratio of n. To account for the effect of creep, superimposed dead load
stresses are carried by the composite section using a modular ratio of 3a. (AASHTO 10.38.1). The as-built -
section properties are used in this analysis. ‘

Noncomposite: W33 x 130 & R 5/8” x 10-1/2
tr=10.855"; br=11.51"; ty, = 0.58"

A =38.26 in? -
| - _(17.175)"(38.26) + (313) " (6.56) -
WH i y 38.26 + 6.56
@S
0 ~F |3 y =14.71"
o | = wow 3
7 TR I, =6699+38.26(2.47)2 + 6.56(14.40)2
I e = 8293 in*
H JY
‘:04 > Y s, =393 _ 436013 =sPF
Q7 < A =656 5] tose T t
8293 ... 3_ DL
Sb =yqp = 56373 =S,
Composite Section Properties:

Effective Flange Width: (AASHTO 10.33.3.1)

/4(65K12) =195
(7.33X12) =88
(7.25)12) =87 <« Controls

_ Modular Ratio (n): (MANUAL 6.6.2.4)
forfc=3,000psi-n=10

o
s
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Composite Section Properties cont.:

Typical Interior Stringer:

Composite n =n: W33 x 130, B 5/8” x 10-1/2" & Conc. 7-1/4” x 87"

87" .
~ .
~ y .
[}
| TE ; ] l
. =
i o
i ! y
Riel 8 ]
2l TR :
] M~ o | g
i e 2 g
| NS
~ 8
(3]
@ |
w - B Conc.
_{7. 175)(38.26) + (.313)(6.56) + (87 x 7.25 + 10)(37.35)
38.26 + 6.56 + (87 x 7.25) + 10
y=2794"
W W 2 Conc. ‘ Conc.

| o Co
L = 6699 + (38.26)(10.77)2 + (6.56)(27.63y2 + B11NT.2) ‘fz T.23) , (87x 7.25) + 10 (9.4112

=22007 in4
Sy = 252 9127 3801 in3 Section modulus at top of steel
22007 y_ oL
Sb =22 00 = 787.7in = Sy

use with Live Load



92 MANUAL FOR CONDITION EVALUATION OF BRIDGES Bl

it

Composite Section Properties cont.:

Composite n = 30°'W33 x 130, B 5/8” x 10-1/2" & Conc. 7-1/4" x 87"

87"
D fol— s
N
lh '
; -4
) 1 ] by
| |
Y Y
2] L 4
4 M ] — — - !
g |8 F el 3l
N N}
] i
¥ | ] N
Y. 1 —>% 1
€N
©
w - | 2 Conc. }%
_(17.175)(38. 26) + (.313)(6.56) + (87 x 7.25 + 30)(37.35)
38.26 + 6.56 + (87 x 7.25) + 30
y=2194"
W W ’ ): B Conc.

3
Iy = 6699 + (38.26)(4.77)2 + (6.56)(21.63)2 + @7+ 3:’2)(7'25) +(& X 7. 25) (15.41)2

Iy = 15,725 in?

15725

St = 1179 =1333.8in3 (Section modu!us at'top of steel)

15725

SDL
Sv =104

-
=716.7 in Sb

use with Superimposed Dead Load (SDL)
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Loads:

Dead Loads (includes an allowance of 6% of steel weight for connections}:

Deck (7.33) (7 )(xso pef) = 6643 lby/ft
Stringer (130)(1.06) ’ = 137.8 lbs/ft
Cover L (.625)(10.5)(490/144)(1.06)(38) + 65 = 13.8 lbs/ft
Diaphragms (3)(42.7)(7.33)(1 .06)+ 65 = 154 Ibs/ft

Total per stringer ‘ 831.3 Ibs/ft

Superimposed Dead Loads: (see AASHT0 3.23.2.3.1.1)

Curb (l)( (150 pcﬂ 2 = 62.5 lbs/ft
Parapet [(6 x 19) (’8 X 12)] (1s0peHy=2 - = 1719 lbs/ft
Railing (assume 20 pif} +2 = 10.0 lbs/ft
Wearing Surface o = 00

Total per stringer 244 4 lbs/ft

Live Load Rate for HS20

Moments:
: wag L2 _ 83165 _
—Veq =0.244KIt MpL=" (O - 39 ik
r\lf:“”i:t.i”:t:ti wedl L2 244(65)%
[ 65 o] w, =083tk MspL= g (00 - 129 ek

M - From MANUAL, Appendix A3, page 74(1)

Span ML
60 403.3 : ML=403.3 ;492.8
&= 65
70 492.8 -
M =448 f-k
(without Impact, without Dist.)

(1) Note the moments given in MANUAL are for one line of wheels. The values given in AASHTO are
for the entire axle and are therefore twice the MANUALva.lue
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Allowable Stress Rating (MANUAL 6.4.1, 652 & 6.6.2)
(Consider Maximum Moment Section only for this example - See general notes.)
Impact - MANUAL 6.7.4. Use standard AASHTO

AASHTO3.8.3.1

003

I=Thzs

50
65+125

I= = (.26

Distribution - MANUAL 6.7.3 indicates that standard AASHTO provisions may be used.
AASHTO 3.23.2.2 and Table 3.23.1

Sg  7.33FT
DF=355-"53

=1.33
M+ = ML (1+]) * DF = 448(1+0.26)(1.33)
Mp+ =751 ik
Inventory Level: MANUAL 6.6.2.1, Table 6.6.2.1-1 (bottom steel in tension controls)

For steel with Fy = 36 ksi — fi = 0.55 f,

Thus: .
fi=0.55(36) = 20 ksi
The Resisting Capacity (Mgy) = fi si‘
Mg = 20 ksi (787.7 in.)? = 15754 in-k = 1313 fk-
Then:
e
M?J - MDL ;EI: - MSDL SSDL
RE+= b b
. M1+
1877 787.7
_B13- 999 5637~ 129 7167 _ 5578
751 751

= (.74 or 0.74 x 36 tons = 26.7 tons
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Alternatively, in terms of stress:

Mp;, Mgy
gDL SszL

gc“

L+
L+l
Sh

439!'!«1( x 12in/& in/ft

20 ksi - —- —
563.7" 716.7"

- 75 1fpi: X 12im’fl

129%% x 12

]
787.7"

_20-9.345-2.160
11.441

8.495
11.441

= (.74 as above
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Operating Level: MANUAL 6.6.2.1, Table 6.6,2.1-2 Co R

Nt

For steel with Fy= 36 ksi = £,=0.75 f,

Thus:
f, = 0.75(36) = 27 ksi
and - : » e
Mpo = 27(787.7) = 21268 ink = 1772 fi-k
and
787.7 787.7
1772 - 439 -129
R = 563.7 7167 _ 1016.3
FO 751 751

RE, =135 or 1.35 x 36tons = 48.7 tons

Load Factor Rating: MANUAIL 6.4.2,6.5.3 & 6.6.3
(Consider maximum moment section only for this example - see General Notes.)

Impact - MANUAL 6.7.4 — ase standard AASHTO

S’

From AS Rating I = 0.26
Distribution - MANUAL 6.7.3 — use standard AASHTO
From AS Rating DF = 1.33
M, =M; (1+ 1) DF =448(1+0.26)(1.33)
=751 ft-k (as for AS Rating) |

Cagacity. of Section: (My) - MANUAL 6.6.3.1

For braced, compact, composite sections:

Mg = M, (AASHTO 10.50.1.1)
where M, is found in accordance with applicabie load factor provisions of AASHTO.
Check assumptions:
(1) Section is fully braced along top flange by composite deck (for Live Load & SDL) -

P 1 (2) To check if section is compact, need to apply provisions of AASHTO 10.50.1.1.2. These
: checks follow. : o

INTERIM

2001
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Eqn: 10-123:  Coope = 085F, byg t; = 0.85(3 ksi)(87 in)(7.25m) = 1608k
Eqn: 10-124:  Cgpy = Ay, = (38.26in” +6.56in”)(36 ksi) = 1613.5k

CCONC < CSTL e CCONC = 1608 Contf{]ls (1050.1 1. 1(3))

Capacity — per AASHTO 10.50.1.1.1(c)

, X (AF)-C 1613.5-1608

Egn: 10-126: C= =275k
2 _ 2

and applying AASHTO 10.50.1.1.1(d) .

(AF))yg = (11.51 x .855)(36) =354k >>> 2.75k . NA in top flange

- 275 ’
Egn: 10-127: y = top = (.855)=0.007 in neglect. Say NA at top of steel.
‘ (AF)r 354

Since the PNA is at the top of the top flange, the depth of the web in compression at the plastic moment, D, is

equal to zero. Hence, the web slenderness requirement given by Equation (10-129) in Article 10.50.1.1.2 is
automatically satisfied. :

INTERIM

* Neglects reinforcement in slab.

001,
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Check the ductility requirement given by Equation (10-129a) in Article 10.50.1.1.2: . [

S

D
Egn: 10-1292a [ g ]ss
4 D

d+t +t ‘
D’ = B_(_:I%L) B=0.9 for E, =36,000psi
D' =00 (33.725+7.25+0.0) 49
7.5

D, =7.25in

D

L =.7_'z§=1.47<5 ok

D 4.92

Since the top flange is braced by the hardened concrete deck, local and lateral buckling requirements need not be
checked. The capacity of composite beams in simple spans satisfying the preceding web slenderness and ductility
requirements is given by Equation (10-129¢) in Article 10.50.1.1.2 when D, exceeds D"

C-M, = 5M, -0.85M, 0.85M, -M, (D_,j
4 4 L D

. R J
M, =F,S= (36)7—8122'—7— = 2363 ft-k '

_ Compute the plastic moment capacity M, .

\\‘M/,

.. INTERIM

2001 |
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t 87 -t *725'
o]+ S SR —_—— NG | ] =
N =, ,& ] % A -ET—C 1608 k
7282 |
19.02 MH) aun==i9.02+1_§'._§=22.65"
cg ——t@p————TL_X. Yo 5. 508k
[ 1
L J
X-SECTION ' FORCES

M, = C*arm = S*arm = 1608(22.65) = 36421 in-k = 3035 ft-k

INTERIM -

2008
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Bl MANUAL FOR CONDITION EVALUATION OF BRIDGES

Mg

_ 5(3035)-0.85(2363) _0.85(2363):3035
4 4

=2914 fi-k

(147)

i o

\\'..-& s

|
A —

INTERIV

2001
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Inventory Level: MANUAL 6.5.1 and 6.6.3

Mg -A
RE = Me A Mp (MANUAL Eqgn: 6-1a)
AZMLH
where: (MANUAL 6.5.3)
A =13
Ap=2.17
Thus: _ RF]!LF _ (2914)-1.3(439 +129)

2.17(751)

RE =1.33 or 1.33 x 36 tons=47.9tons

Operating Level: MANUAL 6.5.3
Only change is A, = 1.3

Thus: RES = 2—‘1111131“ ~217 1 33
13 1.3

RFST =2.22 or 2.22 x 36 tons=79.9 tons

Check Serviceability Criteria - AASHTO 10.57.2

At Inventory Level (bottom steel in tension controls)

£, +1.67 REF)f, ,; <Serv: Strength = 0.95F,

L 0.95F, -fp -f5p

b T et
0.95 (36 ksi) - 422012) _125(12)
= 5637 7167
1.677&
787.7

REF =119 or 1.19 x 36 tons =42.8 tons

Check the web compressive stress:

Eqn: 10-173
- 26,200,000 0k <E

G

where: k = 9(D/D)*
' =13

C=F

<r

i
1]

]

1]
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Since D is a function of the dead-to-live load stress ratio according to the provisions of Article 10.50(b), an 3
iterative procedure may be necessary to determine the rating factor: ‘
Compuie the compressive stresses at the top of the web_E
439(1 .
fp =-——————————39( 2)(18.165) =115 ksi
8293
12)(10.935
£y = _ 129(12)(10935) _ ~1.1 ksi
15,725
£, = (1.67)(751)(12)(4.935) =34 ksi
22,007
Y =160 ksi
Compute the tensile stresses at the bottom of the web:
= 439(12)(13.23) -84 ksi
8293
129(12)(20.46) .
=———"=20k
DL =TS 705 .
| )
£, = (1.67X(751)(12)(26. 46) ~18.1 ksi
22,007 :
Y =28.5 ksi
D, =31.39[ —180__1_ 90’
{ 16.0+28.5
k=9(D/D,)* =9(31.39/11.29)* = 69.9
C=E, = 26,200, 000(1 3)(69. 6) ~309.3 ksx>F
31.39 39Y ( 1 000)
058
=~ E =F, =36 ksi
i = 3-6-'131-%'—15 6.9 or (6.9)(36 tons)=2484 tons
Since the computed rating factor would cause the total stresses in the tension flange to far exceed F,
{causing the neutral axis to be higher on the web), further iterations are not necessary in this case. The web
compressive stress does not govern the serviceability rating.
o

INTERIM

2000 -
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At Operating Level:

Thus:

Load Factor Summary

Inventory
Operating

fy, +RESF (f; ;1) < Serv. Strength

REF =REF x1.67=1.19%1.67

REF =1.98 or 1.98x 36 tons=71.3 tons

RE TONS CONTROLLED
1.19 42.8 Art. 10.572
1.98 713 Art. 10.57.2

Load and Resistance Factor Rating: (See AASHTO Guide Specifications for Strength Evaluation of Existing Steel

and Concrete Bridges)

(Again consider maximum moment section only for this example — see General Notes.)

INTERIMV

2001

Impact - Guide 3.3.2.3 maj/ vary based on condition of wearing surface. But for comparison purposeé,use

same I as for AS method:

I=026

Distribution - Guide 3.3.3 use standard AASHTO

DF =133

Live Load — Guide 3.3.2.2 use HS20 to be consistent with other rating methods. Normally would use rating
vehicles (Guide Fig. 2) or lane loading (Guide Fig 3).

Thus:

Capacity of Section — Guide 3.3.24

M, ,; = Mg (1+1) x DF=448x (1+0.26)(1.33)

=7511t-k

Mg is based on AASHTO 10.50 as for Load Factor

Thus:

where:

is}
YL

RFFF =

Mp, = 2914 fi-k (Point Page 98.1)

¢ Mg - YoMp

(Guide Eqn. 2}
YiMpy

(Guide 3.3.4.2, Table 3(b))
(Guide, Table 2)
{Guide, Table 2)
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Load and Resistance Factor Rating (continued): . 7 j}
then:
RERF _ 0.95(2914)-1.2(439 +129) ) ) '
1.45(751) '
RF®F =191 or1.91 x 36 tons =68.6 tons ‘ |11
SUMMARY OF RESULTS
RE | HS20Truck | H20% Truck
Allowable Stress: _ : :
Inventory 0.74 26.7 21
Operating 1.35 487 38.3
Load Factor: _
Inventory » 1.19 42.8 338
Operating 1.98 713 56.2
Load and Resistance Factor 1.91 68.8 542
. VS0 . '
: Hye = RF x i * 20" M = 448 (page 87y
‘ L -
= RFS 20" i - 2 pyms 20 QOO1+2092) _ 36 51 RN
316 15 15 2 ©

Hp, =RFx(1.42) x 20"
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EXAMPLE B2: Reinforced Concrete Girder

Given: A simple span highway bridge, épan 26 ft. Typical interior girder. Cross section:

[ 1 3 57 AL overlay
; ) Te 4 {measured in field)
\ f ' '
i? & | Girders spaced on
L =g 6'-6-1/4" centers
8" P
e B ! fc = 3,000 psi
All Bars . & .
7/8" square i : fy = 33 ksi (unknown)
212 | Year Bailt - 1925
“ 13" > i Redundant (multi-girder)
) Two-lane bridge
Loads:
Dead Loads on interior girder:
Structural Concrete: 0.15k/ft’ 6, X 6,527 1+(1.25ft x 2.0ft)+2 166
127/t 21212
=0.87k/ft
AC Overlay: 0.144 k/ft’ 5 x 6.52" |=0.39 k/ft
, 127/t

W, =0.87 + 0.39=1.26 k/ft say 1.3 k/ft

Live Load - Rate for HS20 vehicle. Could use other rating vehicles (Fig.6.7.2.4).
Conditions at Site of Bridge:

ADTT > 1000 with good enforcement. Maintenance is good and no deterioration noted. Approaches and
wearing surfaces are smooth and in good condition. Inspections performed regularly.

' Section Properties

Find cg steel
4/ _4.766)(2 +2-1/2) + 5(.766)(2-1/2)
y 4(.766) + 5(.766)
: y=339"
478°s0. | B N __ B N . 661"
§:7/8" 3q, Y—{ P8 s 1 d=30"-3.39~26.
~74 N\ :
steel x f - )
< b ~ AipaR = /8" x 7/8" = 0.766 in?

As =9 x Ajgar = 6.89 in?
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Effective Slab Width (for T-Girder)
AASHTO 8.10.1.1
26 ftx 12 in-ft _

4
or

1/4L = 78"

'_ CC SPCG=6"—6-1/4" = 78.25"
' o

12t =12 x 6" = 72" <= Controls

_As 689
Pact “p rd 72" x 26.61

=0.0036

(if compression within flange)

Midspan Moments:

Live Load - HS20

_wa L2 1.3 k/ft x 262f2

Ma=—"% g

Impact”

My, = 111.1 k-ft (without impact and without

distribution)

(1) Note the moments given in the MANUAL are for one line of wheels. The valyes given in AASHTO

are for the entire axle and are therefore twice the MANUAL values,

For HS20 - From MANUAL, Appendix A3, page
74(1). Using Table, select from column “Without

i

g
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B2

Aliowable Stress Rating (MANUAL 6.4.1,6.5.2 & 6.6.2)

(For this example we consider only the maximum moment section - see General Notes)
Impact - MANUAL 6.7 4 use standard AASHTO

AASHTO 3.8.2.1
- 50

=L +1255030

I

50

I= o+ 125

=0.33 use 0.30

Distribution - MANUAL 6.7.3 indicate that standard AASHTO provisions may be used.

AASHTO 3.23.2.2 and Table 3.23.1

DF = %% Concrete T-Beam

6—6-1/4" _6.52°
60 - 6

DF = =1.087

Mp+p =My (1+)} (DF) = 111.1(1 + .30)(1.087)

=157 f-k

Inventory Level: MANUAL 6.5.2 & 6.6.2.4 - The inventory unit stresses are determined in accordance

with AASHTO “Service Load Design Method” Article 8.15 or taken from MANUAL 6.6.2.4.

Thus Inventory allowable stresses, AASHTO 8.15.2.1.1
tf: =04 f¢ = 0.4 (3000 psi) = 1200 psi = 1.2 ksi
For Reinforcing Steel, MANUAL 6.6.2.3 controls

f; = 18000 psi = 18 ksi (unknown steel prior to 1954)
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Capacity (Traditional Approach):

The actual stee! and concrete stresses are not known and
must be found. Since this is a T-beam, assume neutral
axis (na) is within slab. Thus, rectangular beam
formulas apply. Check this assumption later.

Stress & Force Diagram

(nts)
Pbsition of Neutral Axis:
" As 6.89 in2
= 2. : . S J— B2 | -
k=VZm + @o)-pm where: p. = 44 = (77 in)(26.61 in)
p = 0.0036
' ‘ E
k=\/2(.0036_)(10)-+ ((.0036)(10))2 - (.0036)(10) n = é
n = 10 (from Article 6.6.2.4)
k=0.235 '
=1.k_,_:235_
1—1-3 1-5 , 0.922
Then

Capacity if concrete allowable stress controls—
M, = 1/2 £, jk bd?
= 1/2 (1.2 ksi)(0.922)(0.235)(72 in)(26.61 in)2
| = 6622.8 in-k = 552 fi-k
Capacity if steel reinforcement ﬂlowabie stress controls—
Ms=Asfsjd
M; = (6.89 in2)(18 ksi)(0.922)(26.61 in)

M;=3042.8 in-k = 253 fi-k <= Controls since Mg < M, .
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Check neutral axis assumption:

kq=(0.235)(26.61 in) = 6.25" > 6" the siab thickness .. NA is below bottom of slab and slightly into
web. This could be ignored in this case. However for the sake of completeness, capacity will be figured
below based on the NA below the siab and ignoring the compression in the stem concrete.

_2nd A+ bt

kd 20 Ag + 2bt

kd= 2(10)(26.61 in)(6.89 in) + (72 in)(6 in?) _ 62589
2(10)(6.89 in) + 2(72 in)(6 in) 1001.8

M SBBons

kd=625in—k =36 .61 in

7= 3kd-2t)_t_
2kd-t J 3

- (e e S0y
Z=207in.
jd=d-2Z
jd=26.61in- 2,077 in=24.53 in
Mg=Agfsjd
‘Ms = (6.89 in?)(18 ksi)(24.53 in) = 3042.2 in-k
Mg =253 ft-;k as before

7(Noterconcrete was not checked since capacity of section is limited by steel allowabie stress.)

A_ Mg; - Mp .
I ML (MANUAL Equ. 6-1a)

A 253 fi-k - 109.9 f-k
RF" = 157 ik 091

Operating Level: MANUAL 6.5.2 & 6.6.2.4
The operating allowable stresses, MANUAL 6.6.2.4 for ' ¢ = 3,000 psi:

{0 = 1900 psi = 1.9 ksi
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For Reinforcing Steel, MANUAL 6.6.2.3 controls:
fg = 25,000 psi = 25 ksi (unknown steel, prior to 1954)

The basic relationships defined previously apply: » _ 4
Since p and n do not change, the neutral axis, k, j and Z terms do not change.

Thus: a
Ms=Asfsid

= (6.89 in?)(25 ksi)(24.53 in)
=4225.3 in-k = 352 fi-k

and checking concrete stress to ensure that concrete dpes not control
K (_l_c.._)
n\1l-k

_{25 kSl) (IO 235 ) = 0.77 ksi << 1.9 ksi allowable

-.235

Therefore, capacity of section is controlled by allowable steel stress.

MR, =352 fi-k

REA MRo - MD 352 fi-k - 109.9 fi-k-
o ML+ 157 ft-k
A_

RF = 1.54

Loagd Capacity Based on Altowable Stress
Inventory: 0.91 x 36T =32.8THS
Operating: 1.54 x 361 =554THS

To transform “HS” ratmg to “H" rating multiply HS rating factor by ratio of “HS" moment to “H™
moment:

For 26" span: M 20 = 111.1 ik (see Sheet 97)
and using MANUAL Appendix A3, pg. 74 -~ M > = 78 ik
' H20 20T
Then My = Torx 78 Rk = 104 ik
and Ratio = iﬂo ~UL1_ b
H20 ~ 104

iy,
6
gt



108

MANUAL FOR CONDITION EVALUATION OF BRIDGES

B2

Thus for H20 Truck:

Inveatory: 0.91x 1.068 x 20T =194TH

" Operating: 1.54 x 1.068 x 20T=329TH

Capacity (Alternate Approach):

il

M

)

Since the location of the neutral axis (NA) and the
corresponding stresses in the steel and concrete are
not known, these must be determined consistent
with the principles of equilibrium of the cross
section. ‘

Stress & Force Diagram

(nts)

From the stresses on the cross section:

d-x

Assume the steel allowable stress controls the capacity of the section. This will be checked
later. Then )

T=Ag f; = (6.89 in2)(18 ksi) = 124 k

and
C=12f.b xr
but
C=T
thus,
12f,bx=A5f;
X Asfs Eqn. 2

“121. b

£_fm g(x -
X k=3 d-x) Eqo. |
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Solve equations 1 and 2 to find location of neutral axis. This may be done by trail and error
as follows. '

Assume fg = 18 ksi, i.e. steel allowable stress controls.

Try x = 6.0 in. Then by Eqn. 1:

_fs (_x ) _18ksi 6.0 in _ ‘ o
o (d - x) “"10 \266lin-6.0 in) =0.524ksi<12ksi allowable OK
and by Eqn. 2:
_ Ay (6.89in2)(18ksi) _ . com _ -

X~ b 12(524ksi)2im) > 760 assumed. Try again

Tryx=625in.

_18 625 \_ , -

=10 \2661 - 6.25) 0.552 <1.2 kst - allowable OK
x=ASBUIB)__ g 742 625 assumed OK

T 12 (552)(72)

(3) Since x = 6.24 > 1= 6.0, NA is below bottom of slab and slightly into web. If web concrete
in compression is neglected, ‘

arm =d - }3—( for this exampie.

arm * 2661 - 6'3ﬁ=24.53 in

and capacity is

‘M= A f, (arm) = (6.89)(18)(24.53) = 3042.2 ink = 253 fk as before.

The eia.ct “arm” may be determined from the concrete stress diagram as follows:

552

@ bottom of slab

24 :
6.24" £y, = .552 (52—4) =0.021

Next find centroid of stress diagram from top of slab.

__ZAy _ (0.021)(6)(6/2) +(0.552 - 0.021)X6)(1/2(6/3)
Y"3a ~(0.021)(6) + (0.552 - 0.021)(6)(1/2)

e
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W

57
1.7

(=)

y= =208 in

s

2
c.arm = 26.61 -2.08 =24.53 in as found previously.
(4)  The Operating capacity may be found as above and will be the same as for the “traditional
method.” The rating calculations are not shown here since they too will be the same as for the
traditionat method. : .
Load Factor Rating (MANUAL 64.2,6.5.3 & 6.6;3)
(For this example we consider only the maximum moment section: - see General Notes.)
Impact - MANUAL 6.7.4 use standard AASHTO
AASHTO3.8.2.1

50
L+ 125

1= <030

50

I=5¢+ 125

=033 use 0.30

Distribution - MANUAL 6.7.3 indicate that standard AASHTO provisions may be used.
. AASHTO 3.23.2.2 and Table 3.23.1, Concrete T-Beam

DF=%=6—'56‘2—’= 1.087
Mpi+1 = ML (1+1) x DF = 111.1 (1+0.30)(1.087)
=157 f-k
Capacity of Section - MANUAL 6.6.3.2
For unknown steel? prior to 1954 fy = 33,000 psi == 33 ksi
M, is found in accordance with applicable strength requirements of AASHTO Axticle 8.16.

Consider a rectangular section with compression limited to top slab. Then check MANUAL 6.6.3.2
requirement for 75% of balanced condition. : .

. 0.85 By f'c - 87000
Pumax = 075 foal = 075 == £ 000 + (AASHTO Equ. 8-18)

_ 075 285(85)3000) ( 87000
Pmax = ¥- 33000 87000 + 33000

pmax = 0.0357

. pact=0.0036 << prax OK (see Sheet 97)
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Then:
Ay AASHTO 8-17
2T085F. ber ( Eqo. 817 -

_6.89 in? (33 ksi) _

1.24" < 6™ -+ OK within slab

470853 ksi) 72in
MR = Ag f, (d- 2/2) (AASHTO Eqo. 8-16)
Mg = (6.89 in2)(33 ksi)(26.6l in - 124
Mg = 5909 in-k = 492 fi-k
My =8 MR o: AASHTO 8.16.1.2.2 — g = 0.90
My = 0.90 x 492 = 443 fi-k
Inventory Level: MANUAL 6.5.1 & 6.6.3
LF_My-A;Mp »
Ry =iy . (MANUALEq 6-la)

where in accordance with MANUAL 6.53

Ar=13
Ay=217

LF _443-13 (109.9) _
RFY =7307a57) 0.88

Operating Level: MANUAL 6.5.1 & 6.6.3

LF _My- A} Mp V
RO =AM (MANUAL Equ. 6-1a)

where in accordance with MANUAL 6.5.3

Yp=13
yr=13

LF _443 - 1.3(109.9) _
RFq 3asn 47
Load capacity based on Load Factor Method, HS20 truck

Inventory: 0.88 x 36T =31.7T HS
Operating: 1.47 x 361 =529THS

Inveﬁtoxy: 0.88.x 1.068% x 20 = 18 8T H (see Sheet 102)
Operating: 1.47x 1.068Xx 20 =314TH
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Load and Resistance Factor Rating (See AASHTO Guide Specifications for Strength Evaluation of Existing
Steel and Concrete Bridges. }

(For this example we con51der only the maximum moment sectlon see General Notes))
Impact - Guide 3.3.2.3
Based on conditions at site (see sheet 96) select:
I=0.1
Distribution - Guide 3.3.3 use standard AASHTO with correction factor of 1.0 (Guide Table 1).
AASH"TO 3.23.2.2 and Table 3.23.1, Concrete T-Beam |

Live Load - Guide 3.3.2.2 use HS20 to be consistent with other rating methods. Normally would use |
rating vehicles (Guide Fig. 2) or lane loading (Guide Fig. 3).
Thus:
My .+ = ML (141) DF = 111.1(1+0.1)(1.087)
=133 fi-k

Capacity of Section - MANUAL 6.6.3.2

MR =Mn = Mﬂ! found in accordance with AASHTO Article 8.16

Mpg = 492 fi-k (from sheet 105)
Rating Level
LRF_9 Mgr- A1 Mp )
RF ——-——-—Az Miin (MANUAL Eqn. 6-1a)
~where: _
g = 095 (Guide 3.3.4.2, Table 3(b}) From Sheet 96 concrete girder, redundant, good

inspection and maintenance and good condition.
A = 1.2 (Guide, Table 2) AC overlay measured ic field (from sheet 96)

Ay = 145  (Guide, Table 2) ADTT > 1000 and good enforcement {from sheet 96)

Then:
0.95(492) - 1.2(109. 9)
LRF =
R 1.45(133) 1.74
Load Capacity Based on LRF:
174 x 36T = 62.6 tons HS
and

1.74 x 1.068 x 20T = 37.2T H (see sheet 102)
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SUMMARY OF RESULTS
HS Truck H Truck
Max. Load Max. Load
Method RF {tons) {tons)
Allowable Stress:
Inventory 0.91 328 194
Operating 1.54 55.4 329
Load Factor: '
Inventory 0.88 31.7 18.8
Operating 147 52.9 314
Load and Resistance Factor 1.74 -62.6 37.2

:
s

oo



MINNESOTA DEPARTMENT OF TRANSPORTATION SheetNo. 10f6

ASR TIMBER ABUTMENT PILE = T

Made By Beam

RATING WORKSHEET = creasy

{EXAMPLE WITH NO DECAY) _ Date -  3/4/08

Location: Rye Rd. over Soﬁrboh Creek

Given information: - - A simple span nail laminated bndge, two lanes. Timber
piles in new condition.
- Timber dimensions were field measured {actual)
- Good maintenance and mspectnon
- Year built: 1970
- Timber species: Douglas fir-larch, (coastal region)

Unit Definitions

k = 1000-1bf ksf = 1000- i]i kif = M kef = 1000- lb—f kft = 1000-1bf - ft ksi = M ton = 2000-1bf
} ﬁZ it ﬂ3 _ in-in -

Objective : Load rate the 12" diam. timber abutment piles driven to 20 tons
Reference Mn/DOT Spec. 3471 '

Input

Reference AASHTO Table 13.5.1A

‘Spec:les Douglas fir-larch (coastal regton)
. Commercial Grade: Dense Select Structural

Size Class: Posts

{bending)
{compression paraliel to grain)
i{Modulus of Elasticity)
{Density of timber)
{Density of bituminous)
(Equivalént fluid pressure.of'soil)
(Span length, CL bearing to CL béaring)
(Width of roadway)
.(Width‘ of curb)

{Thickness of deck)

£ (Weight of timber rail)
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(Thickness of Bituminous Wearing Course)

(Height of pile above top of berm) \
{Height of pile ffom top of berm to assumed point of fixity}

(Height of abutment backwall from bottom of deck downward)

{Pile spacing) , :
: " Timbér Rail
(Pile diameter)

4? 28' - 0” . 1’

lala »lal

L g

{(Number of piles)

E"
g 3” Bit. WG .
! (Depth of abutment cap) T [ — S—

I o o o

{Width of abutment cap)

3” X 14" Planks (Nailed)

» ' 37x14” Planks - 3" Bit. WC ) SECTION THRU TIMBER DECI?
(nailed)}if — —————

14"x14” Cap _ Symmetrical about CL roadway

12"
Backing

14x14"

VA

L\ /- \/ \il% -

y / 12” dia. Timber—/ L 2spa@7,.9--' | ‘
o |

L
- L

12” dia. e Pile

Timber =15-6”
Pile —
SECTION THRU ABUTMENT
Dead Loads
Superstructure
DL of Deck -  Dlgegyi= [Widthyguy + (Widtheyr,2)] Fhickseck Densym DLgeex = 1750 plf
DL of rail DLyt Wrimgait2 ' o DLy = 100 plf
DL of wearing DLy := Widthyg,y Thickyc-Densy DLy = 1050 plf
course s
Total Dead Load of  DL;:= DLy + DL, + DLyc » : ~ DLy = 2900pIf
superstructure ' '
Substructure 7
. . : 3
DL of Abut. Cap DL pputeap = DePthybutcap” Widthgpyecap: [[PileSpa- (Piles — 1)] + (2-1.5- )] Densgimp =

DLAbuteap = 231k
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Compute total dead load reaction to piles

DL-Span ‘ , '
RpLTotal *= _"2_— + DLAbutcap Rpr1otal = 45.814k

Dead load reaction per pile

Rp Total

Rotpite = Piles

- Live Loads

Determine number of lanes

Width . ‘
Lanes := floo i ) . ‘ - Lanes=2
. 121t ) : _

Reference AASHTO Appendix A for HS20-44 truck loading

- 2.k — ft . — 8 -
Ry = if[Span < 14-&,32-k,if[Span <28/t,32k + 32k (Span — 14-4Y) o, |, 32k(Span - 14-) | 8-k(Span - 28 ﬂ)ﬂ

Span Span Span

Ry =49.6k {Live Load End Reaction per lane due to H520 Truck Loading)

RLLTot'a] = Ry -Lanes (Total Live Load End Reactlon per-abutment due to HS20 Ry Total = 992k
. Truck Loading) :

~ Note: Per AASHTO 3.8.1.2 - No impact for timber members

Live load reaction per pile

Ry LTotal

ReLpite = Piles

Lateral Earth Pressure

Assume: : S Hinge

- Free draining granular fill behind backwall B ¢~ 147147 Cap
- Equivalent fluid pressure ysoil=33 pcf 1
- Pile support point approxlmately 6 foot below abutment Earth

. 4 Pressure on
berm Timber
- Hinge support conditions , - i  Backing
: - | :

v - Hinge
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Prop == Ypsoir( Thickecy + Thickwc) ~ (Lateral pressure at bearing) ‘ ' Prop = 46.75pst
PBt;tmm = yFPsoﬂ-(Pﬂthabm + Pi]thbe]ow) (Lateral pressure at pile support point) Pgotiom = 264 psf
Pro, + P .
Ppye = &2—@ (Average lateral pressure of Py, and Paottom) : , Paye = 155.38 psf
Ppije '= Paye-PileSpa {Lateral pressure on pile) Ppije = 1204.16 pif
_ -
Riop Prae Hiw [2-(PileHtypoe + PileHtoeiqy) — HipyReaction at top of Rpgy = 414K
Top = . . 1< b low) — T15BW ] Top = %+
P 2'(P113Htabove +- Pllthbelow) ove Elow, plle)
Roop’ ‘ .
Mipress = —— (Moment in pile from earth pressure (k-ft) Ref. AISC ASD 9th

“Ppite Ed. Beam Diagrams No. 5, pg 2-297 )

Pile Section Properties

*:t-PiIE:Diam2

Area : Api;e = 4 . .Apile =113.1 m2
1':-Pile[)iarr14 | 4
Moment of Inertia : Lie = e Ipie = 1017.88in
n PileDiam’ | 3
Section Modulus : Spile = —32—— Spile = 169.651n
Radius of Gyration : Toiler = P—‘li’g@ Tile = 3in |
Equ'ivalvent Square column dimension : dequiv = f Agile " dequiv = 10.63in

Note: The ioad on a round pile may be taken as the same as that for a square column with the
same cross sectional area.

Timber Adjustment Factors

Cu= Wet service factor - Art. 13.5.5.1 (Assume all bridge timbers to exceed 19% moisture)
Cpme = 091 (For Compression)
Cmp = 1.0 (For Bending)

Cp = Load duration factor - Art 13.5.5.2

CD = 0.9 )
C; = Bending Size factor - Art. 13.5.1A Footnotes
CF = 1.0

C;= Bending form factor for members with circular cross section- Art. 13.6.4.5

Cp= 118

St



Calculate Column Stability factor (Cp) - Art. 13.7.3.3 ’ SheetNo. 50f6
| Fctap = FCpar'cMc'CD'CF (Tabulated stress in compression parallel to grain) Feyap = 941.85 psi |

: 'Lp“e = PileHt,poy + PileHtyeloy {Lpie™ Actual column length between points of lateral support ininches)
Lpi]e =961in

Kpite := 2.0 (Kpy= Effective length factor from AASHTO Table C-1, Appendix C

Lefr == Kpile'Lpi[e Less = 192in

Keg:= 030 {Visually graded lumber)

cpite:= 0.85 (For round piles ) |

Cye:= 1.0 {Wet service factor for Mod. of Elasticity (E) - from Table 13.5.1A, for timber 5" x 5" and larger)

Eprime = E-Cumg " Epgime = 1700000 psi
A By
Feg = KC—E(—PETZ‘-"! - Fep = 1564.66 psi
chf
dequiv
2
Fcg Fcg Fee
’ 1+ = 1+ F_ ) - .
Cp = cub | _ b/ 2 (Column Stability factor (Cp)) Cp = 0.861
2'Cpile (2'cpi]e)2 Cpite . :

Notes: - For short columns, crushing of wood fibers wouid likely control
- For Intermediate columns, crushing of wood fibers or lateral buckling may control
- For long celumns, lateral buckling would likely control

Determine allowable unit stresses for compression parallel to grain

Fo =FoxCuxCprxCxCp-
FCprirl;ne = FCpar'CMc'CD'CF'CP - FCprime = 810.96psi'

Determine allowable unit stresses for bending

Fg =FgxCyuxCpx Cpx C;
Fpprime = F-Cvp Cp CrCs ' : . Fpprime = 1858.5 psi

Determine actual bending stress

Mgp ' "
£ = . f, = 503.24 psi
Spi]e ’

Columns must satisfy the following for combined bending and axial
.ompression stresses '

folFe + fyfFy <= 1.0
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Solve for f, to find maximum allowed compression parallel to grain

f, _ _
fomax = [1.0 - = }Fcp,ime _ fmax = 591.37 psi

Bprime

R

Calculate Ihventory Level Rating |

PRi:= fomaxApile » ’ Pg; = 33.44ton

PRricont = if (Prr > 20-ton, 20-ton, Pyy) (20 ton max. allowed for = Py, =20ton OF '
dr“"ng) Pricont = 40k

Pricont —~ RpLpile
RFji= —— —— %7

Ri1pite

Calculate Ope,rating' Level Rating

Pro = Pricont 1-33 ' - Pgo = 53.2k

~ Pro ~ Rppile .
o= —
RLLpile

Inventory Rating

Ianating = RFIZO

Operating Rating

OpRatiné = RFp-20



MINNESOTA DEPARTMENT OF TRANSPORTATION ShestNo. 10f6
Bridge No. 1895

. - ASRTIMBER ABUTMENT /" ™
| "~ PILE RATING WORKSHEET Check By
(EXAMPLE WITH PILE DECAY) : i . Date 7 3!4!08.

Location: Rye Rd. over Bourbon Creek

Given information: - A simple span nail laminated bridge, two lanes.
: - Timber dimensions were field measured (actuai)
- Good maintenance and inspection
- Year built: 1970
- Timber species: Douglas fir-larch, (coastal region)
- Piles are found to have internal decay with pile

section loss at 50%

Unit Definitions

=1000f  ksf =10002L  Kif = LQQ;—E Kef = 1000 Bf  f=10000bfft sz o0

2 e

ton = 2000-1bf

in-in

Objective : Load rate the 12" diam. timber abutment plies driven to 20 tons
Reference MnIDOT Spec. 3471

put | o
Reference AASHTO Table 13.5.1A
Species: Douglas fir-larch (coastal region)
Commercial Grade: Dense Select Structural
Size Class: Posts

- {Equivalent fluid pressure of soil)

{Span length, CL bearing to CL. bearfng)
(Width of roadway) |
{Width of curb)

{Thickness of deci()

{Weight of timber raif)
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{Thickness of Bituminous Wearing Coﬁrse)

{Height of pile above fop of berm)
(Height of pile from top of berm to assumed point of fixity)

(Height of al?dtment backwall from bottom of deck downward)

{Pile spacing) Advanced decay

{Pile diameter)

approx. 8.5" dia

. 12" dia. timber pile
1 {Depth of abutment cap)
Timber Rail

(Width of abutment cap)

hd‘

= |

— , 3" Bit. WC '

37%14” Planks 3" Bit. WC / .

(naiIEd) | 7 VAR AN A Y 4 S—— y.a ra .4 ra va)
147x14” cap LU L =1 —

I A

1’ 28" - 0"

A 4

' 3" X 14” Planks (Nalled)
3’,x1 2'!

- :/_______.7____,_ Backing SECTION THRU TIMBER DECK

™~ .
. N
4 i
/E? ‘ Symmetrical about CL roadway
A
12” dia. S \ 7\ 147x14 i
Timber ’

Pile — |
SECTION THRU ABL !IM_EL!TV \ -~ ) f\ - ’!\ ?
. N/
1
12" dia. TimberJ I 2spa@7-9” |
Pile - <
Dead Loads | =15-6” I
Superstructure
DL of Deck © DLgegy = [ Widthygyy + (Widthcurb-2)]-Thickdeck-Densﬁmb DLgeq, = 1750 plf
DL of rail DLrai! = WTimRai]-Z ) DLm{[ =100 plf
DL of wearing DLy = Widthygy, Thickyc-Densg " DLyc = 1050plf
course : o _
Total Dead Load 0f  DLp:= DLy + DLy + Dlye DLy = 2900plf

‘superstructure -

Qi
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DL of Abut. Cap DL Abuteap = DePthaputeap Widthypueap [PileSpa- (Piles — 1)] + (2-1.5- 9] Densgimp

o | ' DL abuseap = 231K

Compute total dead load reaction to piles

DLy-Span

RDLTota! = _—2—- + DLALuté;p - Rpi Total = 4581k -

Dead load reaction per pile

RpI Total
Piles

Ropipite =

Live Loads

Determme number of lanes

Wldth .
Lanes := floo k. _ ' Lanes =2
12t , .

Reference AASHTO Appendix A for HS20-44 truck loading

32-k-(Span ~ 14-it) 32k + 32-k-(Span — 14-ft) . 8-k:(Span — 28-ﬁ)ﬂ

Ryp := if| Span < 14-ft,32-k,if| Span < 28-f,32-k +
_ Span Span . Span

Ry =49.6k " (Live Load End Reaction per lane due to HS20 Truck Loading)

(Total Live Load End Reaction per abutment due to HS20 Ri1Total = 99-2k

Ry Totai := Ryp-Lanes
" - Truck Loading)

Note: Per AASHTO 3.8.1.2 - No impact for timber members
Live load reaction per pile

ReLTotal

Ratpite ™ “pies

Lateral Earth Pressure
. 14"x14* Cap

Assume: ¥
K _ , ?
- Free draining granular fill behind backwall . Frossure on
- Equivalent fluid pressure ysoil=33 pcf . P - Backing
- Pile support point approx:mateiy 6 foot below abutment ~ % '
berm ' . : “"" /
- Hinge support condltlons B
g PP ' 12" dia. —_:—/
Timber &
Pite ®
’ ¥ Hinge
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Prop = YFPsoﬂ'(Thideeck + ThiCkwc) (Lateral pressure at bearing) ‘ PT(,'p =46.75psf
PRottom = YFPsoi:'(PﬂeH’fabove + PiIthbélow) {Lateral pressure at pile support point} Ppottom = 264 psf ;

' 7
. Pro, + P . J
Paye = “Top ” ~ Bottom 2 Bottom (Average lateral pressure of Py, and Pgoyor) Paye = 155.38psf
Ppile := Pave:PileSpa (Laiéral pressure on pile) : Ppije = 1204.16 plf

TF
Reop = ’ PP“e'HtB‘T" [2'(Pilthabove-+ PileHty,,, ow) Hth]Reactlon attopof  Ryy,=4.14k
2'(Pﬂthabove + PIIEthelow) pile}
R 2

MEpress = il {Moment in pile from earth pressure (k-ft) Ref. AISC ASD 9th

‘Ppite Ed. Beam Diagrams No. 5, pg 2-297 }

Pile Section Properties

n-(?ileDiamz - PileDiamdecayz)

Area : Apile = p Apile = 56,35in2
oo 4 T 4
n'(PlleDmm - PileDiamgecqy ) _ 4
Moment of Inertia : Lot = Lpite = 761.641n
64
o4 P 4
. n-(PlleDlam — PileDiamgec,y ) ‘
Section Modulus : Spile = Spite = 126.941 in>
32-PileDiam /
oo 2 S 2
) ) J PileDiam™~ + PileDiamgec,y
Radius of Gyration : Tpile = » 2 : Thile = 3.6761n
Equivalent Square column dimension : dequiv = [Apﬂe ‘ dequiv =7.51in

Note: The load on a round pile may be taken as the same as that for a square column with the
same cross sectional area.

Timber Adjustment Factors

Cpy = Wet servi>ce factor - Art. 13.5.5.1 (Assume all bridge timbers to exceed 19% moisture)
Cpe:= 0.91 (For Compression) '
Cwmp = 1.0 (For Bending)

C, = Load duration factor - Art 13.5.5.2

CD = 0.9
Cr = Bending Size factor - Art. 13.5.1A Footnotes
Cpi=10

C;= Bending form factor for members with circular cross section- Art. 13.6.4.5

Cp= 1.18 ‘ ' '



Calculate Column Stability factor (Cp) - Art. 13.7.3.3 SheetNo. 50f6
' Fetab = Fopar CmeCp-Cr (Tabulated stress in compression paraliel tb Qrain) Foup = 941.85.psi
Lp'“e i= PileHt,pove + PileHtyolow (Lp“e= Actual column Iength_between points of lateral support in inéhes)
Lpi]e = 96in
Kpile = 2.0 {Kp= Effective length factor from AASHTO Table C-1, Appendix C
Leff = K}ii!e'Lpile Leff =-192in
Kep := 030 (Visually graded lumber)
Cpile = 0.85 (For round piles )

Cyvp = 1.0 (Wet service factor for Mod. of Elasticify {E) - from Table 13.5.1A, for {imber 5" x 5" and larger) -

Epri;;m = ECyp Epyime = 1700000 psi
Kce{Epri :
Feg = ———LL;) Feg = 779.61 psi
Leﬁ'
dequiv
. . ;
Feg Fcg Fcg
"t ' F F
Cp = =L Gab] _ZC  (Column Stability factor (Cp)) Cp = 0.648
2-Cpile (2-Cp]]e)2 Cpile R

Notes: - For short columns, crushing of wood fibers would likely control
- For Intermediate columns, crushing of wood fibers or lateral buckling may control
- For long columns, lateral buckling would likély control

Determine allowable unit stresses for compression parallel to grain
Fc = ch CMx CDx CFx CP-
FCpﬁme = FCpar'CM(:'CD'CF’CP FCprime = 610.69 psi

Determine allowable unit stresses for bending

Fg' = Fg X CyyXx Cpx Cpx C;

Fpprime = Fp-Cy:Cp'Cr  Note: C;was set to 1.0 conservatively Fhprime = 1575 psi
due to rotting

Determine actual bending stress

MEPress

b=

f, = 672.55 psi
Spile -

Columns must satisfy the following for combined bending and axial
compression sfresses

fIFo + £, JF, <= 1.0



' . o ' SheetNo. 6 of6
Solve for f, to find maximum allowed compression parallel to grain

f, _ . ‘
£y = (1.0 - J-Fcpﬁme  fomax = 34992psi

Bprime

Calculate Inventory Level Rating

Pri = f(:max'AiJile ' Pgy=9.86ton

Pricone = if(Pgy > 20-ton, 20-ton, Py} (20 ton max. allowed for PRicont = 9-86ton OF
- driving) '

Pricont = 19.719Kk

P Ricont ~ RDL ile
RF} = — B2

Ritpite

Calculate Operating Level Rating

Pro = Pricont'1.33

_ Pro— Rppyike

o=
RLLpi]e

Inventory Rating

Ianat;ng = RFI' 20

Operating Rating

OPRating *= RF 020



MINNESOTA DEPARTMENT OF TRANSPORTAT[CN -Sheet No. 1 of 11

ASR TIMBER ABUTMENT PILE AND " ™

PILE CAP RATING WORKSHEET  cuuccsy

(EXAMPLE WITH LOSS OF PILE) : Date 3/4108

Location: Rye Rd. over Bourbon Creek

Given information: - A simple span nail laminated bridge, two lanes.
- - Timber dimensions were field measured (actual)
- Poor maintenance and inspection
- Year built: 1970 ' _
- Timber species: Douglas fir-larch, (coastal region)
- First interior piles (pile "B") are found to have
substantial internal decay with pile section loss

at 100%.
Unit Definitions
K=1000bf  ksf = 10002 KIf = _19%'“35 kef = 100025 kft = 1000-1bf-ft ksi = 10,00""’1? ton = 2000-1bf
) ) in-in :

# _ £
Input '

?iles “ From AASHTO Table 13.5.1A

' Species: Douglas fir-larch (coastal region)
Commercial Grade: Dense Select Structural
Size Class: Posts |

(bending)

(compression paréliei to gréin)
sl (Modulus of Elasticity)
{Density of timber) 4
f (Density of bifuminous}

(Equivalent fluid pressure of soil)

Abutment Cap = From AASHTO Table 13.5.1A .
' Species: Douglas fir-larch (coastal region)
Commercial Grade: Select Structural
Size Class: Beams and stringers

{bending}

(shear parallel to grain)




Objective : Load rate the 12" diam. timber abutment piles driven to 20 tons
Reference Mn/DOT Spec. 3471 | |

Input (cont)

3"x14” Planks

(nailed)}{,

12” dia.
Timber
Pile

(Pile diameter)

{Width of curb}

(Pile spacing} -

3” Bit. WC

e

.4 AN AR 4

i 3,-0x LIA 2’-0‘” :

r

=

SECTION THRU ABUTMENT

{(Width of roadway)

{Thickness of deck)

(Weight of timber rail)

i (Depth of abutment cap)

{Width of abutment cap)

14"x14” Cap

3"x12”
Backing

(Span length, CL bearing to CL bearing)

(Thickness of Bituminous Wearing Course) |

{Height of pile above top of berm)

{Diameter of internal decayed section)
{Total Number of piles per abutment)

{Number of rotted piles at abutment)

(Height of pile from top of berm to assumed point of fixity}

{Height of abutment backwall from bottom of deck downward)

Timber Rail

Sheet No. 2 of 11

F': 28" —-0” 94"
/_ 3” Bit. WC
LY 5 o g
3” X 14” Planks (Nailed}

12” dia. Timbe|
Pile

SECTION THRU TIMBER DECK

Symmetrical about CL roadway

T

o 147x14” i
() ./— (B) © |
N -~ ™
L\ / \/ \/
, —
rf L 2 spa @ 79" |
r =15"-6” '|

HALF PLAN OF ABUTMENT



Dead Loads | S , Sheet No. 3 of 11

Superstructure
DL of Deck DLjeck = [Widthrd,,,ry + (Widfh,':u,b-Z)]-Thickdeck-Dens,,-mb ; DLdec[;c = 1750plf
DL of rail DLrail = WTimRail'2 ’ DLrail =100 plf
DL of wearing " DLy = Widthygoy Thickyc Dens DLy = 1050plf
course _ .
Total Dead Load of DL := DLyeg + DLyt + Dlwc ’ DLy = 2900plf
superstructure

Substructure
DL of Abut. Cap DL Abuteap == Depthabutcap Widthapureap: [[PileSpa-(Piles — 1)] + (2-1.5-f)] -Densyimp

DLAbutcap =231k

Compute total dead load i'eactiqn to piles

: DLt Span
RpLTotal = —'2——— + DL abutcap ) ‘ RpLTotal = 45.81k

Dead load reaction per pile

RprTotal

Rppppjle 3= ———————
PLPHe ™ piles — Piles;oed

Live Loads

Determine number of lanes

Width
Lanes := floo L Trdwy : . Lanes =2
12-ft

Reference AASHTO Appendix A for H520-44 truck loading

: 2.k —14- X - 14- k - 28fi
Ryy i= if| Span < 14-ft,32.K,if] Span < 28-t, 32K + > (Span = 140 , \ , 32k(Span— 148) 8k (Span - 2810
. ' Span , Span- Span
Ry =49.6k (Live-l_oad End Reaction per lane due to-HS20 Truck Loading)

‘Ryptow = Ryp-Lanes  (Total Live Load End Reaction per abutment due to HS20 Rp1Totar = 99-2k
Truck Loading}) '

Note: Per AASHTO 3.8.1.2 - No impact for timber members

| Live load reaction per pile

“RyLTotal

'RLL ile =_—,
P Piles — Pilespgeq



_Later.ai Earth Pressure - _ Sheet No. 4 of 11
Assume ‘

- Free draining granular fill behind backwall

- Equivalent fluid pressure ysoil=33 pcf
- Pile support point approximately 6 foot below abutment

berm
- Hinge support conditions Hinge
7 ) ' 14"x14” Cap .
B 3
N ’ Earth .
- J Pressure on
F Timber
: Backing
o«
A 4 /
3
12" dia, ——/
Timber o .
Pile s _
4 Hinge
SECTION THRY PILE
Prop = YFPsoil'(Thideeck + Thickwc) {Lateral préssure at bearing) L Prop = 46.75psf
Ppotiom == yFPsoﬂ-(Pilthdbgve + PiIthbe]ow) {(Lateral pressure at pile support point) Ppottom = 264 psf
PT + PB
Pave = _"L;ﬂ {Average lateral pressure of PTop and Py i 0m) Pyve = 155.38 psf
Ppite := Paye-PileSpa {Lateral pressure on pile) N o Ppife = 1204.16 pIif
Ron: Cptle HtBW [2 (Piltha + PileHy, | ) Ht j(Reaction >at topof R 4.14k
Top = B L bo below) — HiBw Top = 4-
- op 2'(Pﬂthab0ve + Pllthbeiow) e o, pile) o
Re 2 _ :
Mpprogs i= —2 (Moment in pife from earth pressure {(k-ft) Ref. AISC ASD 9th~

2-Ppige Ed. Beam Diagrams No. 5, pg 2-297 )

Piie Section Propertiés

n.(pﬂe})iamz - PileDiamecayz)

" Agie = 113.1in°

Area: _ .Apile = 2
. o 4
. n-(PﬂeDlam — PileDiamgeg,, ) 4
Moment of Inertia : Ljie = e = 1017.88 in
P 64 P
' n-(PileDiam4 — PileDiamy 4)
Section Modulus : - Spile = D = Spite = 169.65n°
32-PileDiam )

_ ] ] PileDiam? -+ Pile:Diamdec;,},2
~Radius of Gyration : _ Toile = —— _ Toile = 3in

4

N

s



Ftn)

Sheet No. 5of 11 -

dequiv = 10.63in

_dequiv':z \ Apile

Equivalent Square column dimension :
Note: The load on a round pile may be taken as the same as that for a square column with the

same cross sectional area.

rimber Adjustment Factors
' Gy = Wet service factor - Art. 13.5.5.1 & Table 13.5.1A (Assume all bridge timbers to exceed 19% moisture)

Cpme = 091 (For Coiﬁpression)
Cpp = 1.0 (For Bending)
Cp = Load duration factor - Art 13.5.5.2

Cp:= 0.9
Cr = Bending Size factor - Art. 13.5.1A Footnotes

CF =10
Cf= Bending form factor for members with circular cross section- Art. 13.6.4.5

Cp= 1.18
Calculate Column Stability factor (Cp) - Art. 13.7.3.3
Feuab = Fepar CmeCp-Cp (Tabulated stress in compression pa-rallel to grain) Feup = 941.85 psi’
Lpite = PileHtyoye + PileHtpeiow  (Lpite™ Actual column length betﬁeen points of lateral support in inches)

% Ly = 96in
i} h Koiie = 2.0 {Kppe= Effective length factor from AASHTO Table C-1, Appendix C
g Lefr = Kpite' Lpite Lesr = 192in :
o
| ; R Keg = 030 (Visually graded lumber)
; Cyite = 0.85  (For round piles )
; Cue == 1.0 - (Wet service factor for Mod. of Elastidity (E) - from Table 13.5.1A, for timber 5" x 5" and larger)
Eprime = 1700000psi :

Eprime = E-Cue
Fcg = 1564.66 pst

KCE' (EPrime)
2
Leff
dequiv

Fcpi=

Cp = 0.861

Fcg

2
Fce
FCtab

(Column Stability factor (Cp))

1+
FCtab

Cr = 2-c ?tab - 2
pile (2-cpite)

F
[1+ cE

Cpile

Notes: - For short columns, cru'shing of wood fibers wduld likely control
- For intermediate columns, crushing of wood fibers or lateral buckling may control

- For long columns, lateral buckling would likely control



Determine allowable unit stresses for compression parallel to grain

Fo =FcxCpyxCphxCexCp

FCprime = FCpar'CMc'CD'CF'CP ‘ Fcpﬁme = 810.96 psi

Determine allowable unit stresses for bending

Fg =Fgx CyxCpxCrxC;

Fpprime == Fp:Cavy CpCr Note: C;was set to 1.0 conservatively FBpﬁme = 1575psi
due to rotting

Determine actual bending stress

MEPress

b -~

£, = 503.24 psi
Spite

Columns must satisfy the following for combined bending and axial »
compression stresses

fJF. +f IF '<=1.0

~ Solve for f; to find maximum allowed compression parallel to grain

f, Y.
fomax °= [} 0- ]'FCprime fomax = 551.85psi

Bprime

Calculate Inventory Level Rating

Pry = femax Apite ' Pgy = 31.21ton
" Pricont = if(Prr > 20-ton, 20-ton, Py} (20 ton max. allowed for Paicon = 20 ton
drivin
ving) _ Ppicons = 40k

 Pricont ~ Rpipile

1=

Rirpile

Calculate Operating Level Rating fdr piles

PRO = PRICOD('I'33 ’ PRO =532k

Pro — RpLpile
o= ————"

Rp1pite

Inventory Rating
) InVRating := RF1-2Q

- Operating Rating

OPRating = RFo-20

SheetNo. 6of 11

or



Check Rating based on 14" x 14" abutment cap

WbDL & WLL

i —
A 4 v L A h 4 L 4 A A A 4 A h 4 A 4 A J
(A) 1B (C) (B) (A
16" | _L 2spa@ 79" J"  2spa@T7-9” ‘L | 17-6”
- ,T = 15"-6” T =15"-6” T g
'Dead Load on abutment cap

Wi eap = R ot (Dead Load pér foot of cap) Wipeap — 135K

: [PileSpa: (Piles — 1)] + (2-1.5-f)) _ : T
Live Load on abutment cap
RilTol . o '
Wi Loap = (Live Load per foot of cap -2 Weicap = 2.92KIf

[PileSpa-(Piles — 1)] + (2:1.5-f})  |anes of HS20 truck loading)

Sheet No.

7of11

. Reference continuous beam charts for two equal spans with uniform load on both spané

- Moment maximum at center pile support (C).

Moments in abutment cap

M supC = WDLcaP'(lzleSPa'z)z {Dead ]oa& moment at pile support) - Mpysupc = 4047 kit

My supc = WﬁLcap'(P;IesPa'z)z {Live load moment at pile support) - My supc = 87.62kft
Shear in abutmentn cagk

VpLsupC = -z-WDL;ap-(PileSpa-Z) (Dead load shear at CL pile support) 'VDLS,JPC = 13.05% .

5 . .
ViLSupC = -gV_']!chap.(PﬂeSpaQ) (Live load shear at CL pile support) vLLSUPC =28.26k



b Sheet No. 8 of 11

- Per AASHTO 13.6.5.2 - For u'niformly, diStrib.uted' loads, the maximum shear occurs at a’
distance from the support equal to the bending member depth "d".

- Therefore, check shear at: Xehear = (PileSpa-2) - ﬂlf_?fﬁ Depthgsurcsp  Kohear = 13831

Xhar = [—E-(Pﬂs:Spa-z)]

" VpLsupd == VDLSupC (Dead load shear at "d" from pile support)  Vp; g5 = 10.81k

(PileSpa-2) ~ [%-(PileSpa-2)1|

. 3
Xshear — I:E'(Pﬂespa'z)]

VILSupd = VLLSupC: - {Live load shear at "d" from piie support) ' ViLsupd = 234k .

(PileSpa-2) - [%-(PileSpa-Z)}

Abutment Cap Section Properties

. : - . 2
Area: AAbutcap = Wldthabutcap'Demhabutcap : AAbutcap =196in

. 3
Wldthabutcap'Depthabutcap
12

Moment of Inertia : IAbutcap = Iabutcap = 3201.33 in’

IAbutcap

Depthabutcap
2

Section Modulus : S Abateap = Sabuteap = 45733 n°

Timber Adjustment Factors

Cpy = Wet service factor - Art. 13.5.5.1 & Table 13.5.1A "(Assume all bridge timbers to exceed 19% moisture)

Cwmp:= 1.0 {For Bending - Timbers.5" x 5" or larger)

Cmy = 1.0 (For Shear - Timbers 5" x 5" or larger)

Cp = Load duration factor - Table 13.5.5A (Veh LL, 2 months)
Cp:= 115

Cr = Bending Size factor - For lumber thicker than 5" - Art. 13.6.4.2.2
1 .

. _ 0 ,
Cpim |22 © Cp=098
Depthabutcap
C, = Beam Stability factor from Art. 13.6.4.4

Cp=1.0 (Assume no danger of lateral buckling)

"Determine allowable unit stresses for bending
Fg = FgXxCyxCprxCpxCp

FBprimeCap = i:"Bc:;lp'CMl:o' CpCrC o FBprimeCap = 1808.75 psi



Determine allowable unit stresses for shear A Sheet No. 8 of 11

J FVprimeCap = -FVpar'CMv'CD F\4"prime{3ap = 97.75psi

Check Inventory and Operatmq Rating of Abutment Cap_

Calculate Inventory and Operating Stresses

Bending '
FinvCap = Fpprimecap  {INVENtOry stress = Allowable unit stress ) - FpinyCap = 1808.75 psi.
FopCap := Faprimecap'1.33  (Operating stress) FpopCap = 2405.64 psi

‘Shear
Fynycap = Fvprimecap - (lrivéntory stress = Allowable unit stress ) ‘, FV[nvCapr= 97.75psi
FvspCap = Pyprimecap' 133 (Operating stress) Fyopcap = 130.01 psi

Calculate Ihventorv Rating Factor for Bending in Cap

Mgy, = FBIIIVCB]J' SAbutcap Mem = 68j93kft

Mgy ~ Mprsupc

RF]'b =
MLLSupC

Calculate Operating Rating Factor for Bending in Cap

Mgob = FBOpCap' SAbufcélp Mpgop = 91.68kft

Inventory Rating for Bending in Cap

: IanatingB = RFIbZO

Operating Rating for Bending in Cap

OPRatingg = RFop20

Calculate Inventory Rating Factor for Shear in Cap

=12.77k

VR = ; 'AAbutcap'F_VInvCap

_ Vri= Vpisupd

=

ViLtsupd



Calculate Operating Rating Factor for Shear in Cap Sheet No. 10 of 11

-2
Vro = E'AAbutcap'FVOPCap ' _ Vgro = 16.99k

VRo ~ VDLSupd
pd
REqy 1= — o DuPe

VLLSupd

Inventory Rating fo"r Sheaf in Cap

IanaﬁngV = RFW20

IOperatinq Rating for Shear in Cap

OpRatingV = RFOV'20

For comparison purposes, check Inventory and Operating Ratinq for
shear in abutment cap with all 5 piles in sound condition

(Reference AISC ASD 9th Ed. Beam Diagrams No. 39, pg 2-309.)

Shear in abutment cap

VpLsupc = 0.607Wpy ¢, (PileSpa) (Dead load shear at CL pile support) = Vpgc = 634k

ViLsupc = 0.607WLLcap-_(Pi1éSpa) : {Live load shear at CL pile support) Virsupe = 13.73k

PileDiam

- Check shear at "d" from CL pile : Xehonr = (PileSpa) — — Depthypyeap  Xshoar = 6.08 1t

Xshear — [0.393-(PileSpa)]
(PileSpa) — [0.393-(PileSpa)]

VpLsupd = VDLSupC! (Dead load shear at "d” from pile support)  Vp;g,,q = 4.09k
Xghear — [0-393-(PileSpa)]
(PileSpa) - [0.39_3-(PileSpa)}

Calculate Inventory Rating Factor for Shear in Cap (5 piles in sound condition)

2, g : '
Vyyi= ;'AAbutcap'FVIIwCap Vri = 12.77k

’ VLLSupd = VLisupC" (Live load shear at "d" from pile support) ViLsupd = 8.86k

Vg1 - VDLé d
Ry, = KL VDL

ViLsupd

Calculate Operating Ratihg Factor for Shear in Cap (5 piles in sound condition)

2 :
VRO = ;'AAﬁutcap'FVOpCap . VRO =16.99k

YRO ~ YDLSupd
up!
RFgy = ————————

VLLSupd



Inventory Rating for Shear in Cap (5 piles in sound condition) Sheet No. 11 of 11°

Ianaﬁngv = RFN20

Operating Rétinq for Shear in Cap (5 piles in sbuhd condition)

OPRatingv = RFgy-20
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114 MANUAL FOR CONDITION EVALUATION OF BRIDGES B3 _

EXAMPLE B3: - Timber Stringer

Given: A simple span, timber stringer bridge with a timber plank deck ( two lanés). Span length - 17°-10”
¢-C bmnugs {field measured). ‘

[ 4" thick plank deck . Timber dimensions field measured (actual)
e T e e ) Good maintenance and inspection.
J/ ?’ / Smooth approaches, fair deck smoothness.
yp i .
l i Pl e el ] ' Year Reconsuucted: 1967
Partial X-Seti ! ADTT << 1000
{nts)

Timber Species: Southern Pine No. 2

AASHTO Table 13.2.1A for No. 2:
Fy=1200psi® ; F, =90 psi
. {new) {new)
Load rate the 6"x14” stringers:
' (]I _4" ﬁ”‘

DeadLoads- Deck — ——>— x50 1bs/ft3 =222 Ibs/f
144 in“ / f )
6'x14” =29.2 b/ft
Stringer = 4q % 50 51.4 Ib/ft say 0.055 k/ft

Live Load - Rate for& truck

Section Properties: (Again for stringers)

bh3 _ 6x143
x=17 12 =1372in4
' I _1372
Sx—wz 1472 196 in3

A=bh=6x 14 =84 in2

* The provisions of AASHTO 13.3.7.1 should also be applied. For this sample Cp = 1.0 was assumed.
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Midspan Moments:

For Dead Load - ) » : :
: : WL = 0.055 Kift
— %:/' +*
; . - Cwar L2 0.055 (17.83)2
L 17-10" g MD=" T e

| - (17.83)
' Mp=2.19'k

For H15 - From MANUAL Appendix A3, page 74(1)
Span M

17 - sk
<« For 17.83" span, interpolate
18’ 54k
17.83 - 17

ML=51+ (54-51)=53.5k

18-17
Allowable Stress Rating (MANUAL 6:4.1,6.5.2 &'6.6.2)

(Consider stringer only; consider maximum moment and shear sections only for this example - see General
Notes.)

Impact - MANUAL 6.7.4 use standard AASHTO
AASHTO 3.8.1.2 - No impact for timber membélrs.
1=0
Distribution - MANUAL 6.7.3 indicate that standard AASHTO provisions may be used.
AASHTO 3.23.2.2 and Table 3.23.1 |

For two lanes and plank deck:
__S _1en2im_
DF=375=" 315 03¢
Thus:
M .41 = ML (1+1) x DF = 53.5% x (1+0) x 0.36
ML= 19.26'
Stresses to be used:

Inventory: MANUAL 6.6.2.7(1) — use AASHTO

(1) Note the moment given in the MANUAL are for one line of wheels. The values given in AASHTO
are for the entire axle and are therefore twice the MANUAL values.
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For this specie Fy, = 1200 psi
However since this bridge is more than 10 years old, AASHTO 13.2.4 applies.

Fy" = 0.9(1200) = 1080 psi = 1.08 ksi
(Cp = 1.0 (see hote sh. 108))

F™ =90 0.9 =81 psi
 Operating: MANUAL 6.6.2.7(2)

ng - F;“" x 1.33 x Cp= 1080 x 1.33 x 1.0
{Cg = 1.0 (see note sh. 108))

Fyf = 1436 psi say 1440 psi = 1.44 ki

m .
FOP =133 F" = 1.33 x 81 psi = 108 psi
Inventory Level Rating
Capacity: Mg, =Fp Sx=1.08 ksix 196 in> =211.7 in-k
Mg, = 17.64 fi-k
then
. . M_Mpi-Mp 1764%.219%
RF]" = 0.80 or 0.80 x 15 tons = 12 tons H truck
Operatine Level Ra
Capacity: Mgg = ng Sy = 1.4 ksi x 196 in = 282.2 in-k
Mpg=23.52'k
then
' M Mg -Mp 2357%.2.19%
(MANUAL Eqn. 6-1a) REO = "Mpa . 1926k

RF g = L1 or 111 x 15 tons = 16.6 tons H truck
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Check Horizontal Shear
AASHTO 13.3.1 suggests that shear be computed at:
(1) A distance from the support equal to three times the depth of the stringer; or

(2) At the quarter point, whichever is less.

Thus by: (D 3(14"M =42" « Controls =35 ft
. 17.83' x 12"/ft -
2 ' 2 535

For H15 Truck: MANUAL, Appendix A8, pg. 79
' v, 2 15x-2.8)
X .

L
35 1 3 where L = 17.83" x = 17.83 - 3.5 = 14.33
’ X L' 15(14.33-2.8) .|
A S ' = =
Ry i< ) 17.63 Jry W e =97k

_ per wheel line without distribution _

7 % o | hen per AASHTO 13.3.1
, % iVLL then per =

Vix= 12 [0.6 VL no dist. DF vino .diSt.]

X
Vix=1/2[0.6(9.7) + 0.36 (5.7)]
Vix=4.7k

For wgr = 0.055 k/ft

W, _
/— dL=0.055 kit Ra =Rp=12waL

= 1/2 (0.055) x 17.83.

U

=049k

> Vp, =0.49-.055x3.5

VDx =03k

....ullil”"“"

L

-49

s
-

R

R



118 MANUAL FOR CONDITION EVALUATION OF BRIDGES B3

Rating Based op Shear
Inventory:
Capacity: AASHTO Eqn. 13-1 solve for Vg - - S

then
VR; - %(6)([4) 81 psi=4536lbs. =4.54k

oeV_VRI-VDy 4.54K-03k
(MANUAL Eq.6-1a): RF = —3— = 22555

RFIv = .90 or 0.90 x 15 tons = 13.5 tons H truck

Operating:
Capacity:

. VRo= %(6)(14)(108 psi) = 6048 lbs. = 6.05k

, v_VRO'VD;_s.os'k-o.sk
(MANUALEqn.6-Ia).R.FO— Vi, T a7k

V—
RFO_

1.22 or 1.22 x 15 tons = 18.5 tons H truck
Load Factor Rating

Not currently available for timber.
L J’ { Resi ) E Rati

Not currently available for timber.

SUMMARY OF RESULTS
H Truck
. Max. Load
- Method/Force RF (tons)
Allowable Stress
Moment:
Inventory 0.80 12.0
Operating 1.11 16.6
Allowable Stress
Shear: )
Inventory 0.90 13.5
Operating : 1.22 18.3

.. Rating governed by moment rather than shear
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AASHTO Manual for Condition Evaluation and Load and Resistance Factor Rating of Highway Bridges
Example A4 .
Simple Span, Timber Stringer Bridge

Example Ad: " Timber Stringer Bridge
Evaluation of an Interior Stringer
GIVEN:
Span: 17 f. 10 in.
Year Built: 1930
Year Reconstructed: 1967
Material Southern Pine No. 2
Condition: No deterioration. NBI Item 59 Code =6
Riding Surface: Unknown condition
Traffic: Two Lanes
ADTT (one direction): 150
Skew: 0 degrees

Note:  Same bridge as in Example B3 1994 AASHTO MCE.

4"THICK 6"x14"
| PLANK DECK /ave)

,L 1'- 4" 1‘ I'- 4‘;'_ 1'- 4",|A 1'- 4';_'
= | == 1 l

PARTIAL CROSS SECTION

I CHECK MOMENT CAPACITY

DEAD LOAD ANALYSIS—INTERIOR STRINGER

1. Components and Attachments DC
Deck: 16 X —4—_x 0.050 ' = 0.022kip/ft.
12 12
Stringer: 61224 x 0.050- = 0.029kip/R. .
Total per stringer = 0.051 kip/ft.
Say = 0.055 kip/ft.
My, =% % 0.055%17.83
=12.19 kip-ft.
2. Wearing Surface DW =0

LIVE LOAD ANALYSIS—INTERIOR STRINGER

I Distribution Factor for Moment and Shear

A-75

LRFD
Table 3-3



AASHTO Manual for Condition Evaluation and Load and Resistance Factor Rating of Highway Bridges

Example A4
- Simple Span, Timber Stringer Bridge

The stringers are continuously braced by the deck and diaphragms
(6 in. X 14 in.) are present at the Bearings; C, = 1.0

F, = F,Cp Cy Gy
E = 33ksi Southern Pine No. 2

Size Factor: Cp = 1.02 6 x 14 stringers
(value in LRFD Table 8-7 for Width = 14 in. and Thickness = 4in.)

Moisture Content Factor: C, = 10

Il

Deck Factor: c, =10 Plank Deck

F, =(3.3) (1.02) (1.0) (1.0)

=3.36 ksi
Nominal Resistance: M =FSC,
- (3.35)(195)(1.0)(-115]
= 54.9 kip-ft.

GENERAL LOAD RATING EQUATION

C~(¥pc )(Dc)‘('YDW )(DW)i('Yp)(P)
(v )(LL+IM)
EVALUATION FACTORS  (For Strength Limit State)

. RF=

ay - Resistance Factor ¢
¢ = 0.85 for Flexure
@ = 0.75 for Shear

b) Condition Factor ¢,

¢, =10 Good Condition
c} System Factor ¢,
o, =10 for flexure and shear in timber bridges

1. DESIGN LOAD RATING

A) Strength I Limit State

e (00(0.) ()R~ (15 )(DC)~(y )(OW)

(v2 )(LL + IM)
a) - Inventory Level '
LOAD LOAD FACTOR
DC 1.25

LL 1.75

A-TT

LRFD

- Table 8-1

LRFD
Table 8-7

LRFD
8443

LRFD
8.4.4.4

642 -

Eq. (6-1)

LRFD
8.5.22

6.42.3

6.42.4

6.4.3

6741

Table 6-1



AASHTO Manual for Condition Evaluation and Load and Resistance Factor Rating of Highway Bridges

Example A4

Simple Span, Timber Stringer Bridge

Vie = maximum vertical shear at 3d or L/4 due to undistributed

wheel loads (kips)
= For undistributed wheel loads, one line of wheels is
assumed fo be carried by one bending member.

- K&Nfﬂi=(34.6$<1.165)/2: 20.15 kips

maximum vertical shear at 3d or L/4 due to wheel loads

distributed laterally as specified herein (kips)
= VLL+1M =8.8 kipS

Vit

0.50{(0.60 x 20.15)+8.8] = 10.45 kips

COMPUTE NOMINAL SHEAR RESISTANCE

a)

F,bd
v, =
. 1.5
. FV = Fvo CF CM CD
E, = 0.300 ksi Southern Pine No. 2
Cr = 1.02
Cy = - 1.00
Ch = 1.00
F, = - {0.3) (1.02) (1.0) 1.0)
' = 0.306 kst
v, = 0306614 17.1 kip
1.5
Inventory Level
LOAD LOAD FACTOR
DC 1.25
LL. 1.75
Shear RF _q 0)(1.0)(0.75)(17.1)— (1.25)(0.426)
(1.75)(10.45)
=0.67
b) Cperating Level
Shear RF = (.67 X 17 = (.87
. 1.35

No service limit states apply.

A-T9

LRFD
. 4.6222a

LRFD
Eq. (8-14)

LRFD
Eq. (8-1)
LRED
‘Table 8-1

\\q.w’ ’

ot



AASHTO Manual for Condition Evaluation and Load and Resistance Factor Rating of Highway Bridges

Example A4
Simple Span, Timber Stringer Bridge

Summary
Truck: - Type3 ~ Type 382 Type 3-3
Weight (tons) : 25 36 40 .
RF 109 L19 132
Safe Load Capacity (tons) 27 - 43 53
Summary of Rating Factors
EXAMPLE A4
INTERIOR STRINGER _
Limit State 7 Design Load Ratm'g Legal Load Rating
Inventory | Operating T3 T3S2 T3-3
Strength I Flexure 6.55 0.71 1.09 1.19 1.32
Shear 0.67 0.87 1.24 1.36 1.50

A-81



STATE OF MINNESOTA 22098 SheetNo___/_of_|
DEPARTMENT OF TRANSPORTATION : léﬁt;i bd Ju D)
, ANuDl e edby
TIMBER BEAM RATING SHEET EXAMPLE o DATE 27205 B
- ide-
BRIDGE LOCATION AND DESCRIPTION
BidgeNe: ol | bescipion: | S DAY OUER _STREA
Route: . } 7 ‘g— ) '
{ Roadway Width: } 6 I Location:
Year Built: } g b % .
Year Remodeled: _ Slab Thickness:_ 5 o /q,A‘szf W.C.Thickness: 3 o Eil7 _
Span Rated: L Span Length(L): _5_&__ Beam Spacmg S)__C. 25 ! Impact: 0
SUMMARY OF RATING AND LOAD POSTING .
INVENTORY OPERATING LOAD POSTING LOAD POSTING LIMITS (See Ill. 3 or 4, & 10)
RATING RATING REQ'D? (COMPLETE WHEN LOAD POSTING IS REQUI h.ED
: YES Vehicle Tvge M3 Semt-Traller Comh Truck & full Trailer
HS_] 3.2, us_[|4.0 NO U Weight=24T Wt WA ot
_ ~Tons Tons Tons
RATING DATA
-} Dist. Factor (p. 32, AASHTO, 1997) = 5/4 =__ 4 5'63 7
| B INVENTORY OPERATING
Critical Point Location Number {—, d:, -
Section Modulus  (-loss) in.? U237 U237
Allowable Stress (See reverse side) Kips/in? |fi= /4SS fo=133fi= /, g ¢4
Resisting Moment/BM = SM;? or fo} Ft. Kips g./[ 7 . @D - (9 8« 8 @
Dead Load Moment/Bm Ft. Kips ’? 2 ® / 3, z @
Mom. Avail. f D - 0O FtKips | 51,7713 - @
Lijn‘:Vh.vfinc o (T + Impact)(Dist. Factor) ’] ( Si(??) Lf/%f q ?’ 78/
HS 20 Moment per wheel line(See II1. #9) Ft. Kips / O?}: '7 ® / O g' 7 ®&
HS Rating @ (20) Number B [3,%2 ' HS_ 9. 0O
DEAD LOAD DESCRIPTION ' DL per ft. of Beam
>
Overburden = 25" v2. 15 ,7\] ‘1“1‘ IJ/C‘ e, = 8;}! O ‘1b./ft.
Slab = M (50 /Cp)(gzgj = 4y, 0 ik
Beam (Nominal Size = {, 7{.2'[, ) §f2[/0 f)’;ﬁ— }2’:) \(S/D d;/GFA Gif = Lﬁ! O b/t
Railing, Diaphragms, etc. = = —- Ib./ft.
Total Dead Load = W = ) L. G Ib./f1.
Dead Load Moment = (WA (LY = |69 (151~ - ~  FtKips
ead Load Momen e e /3‘6

3
L



STATE OF MINNESOTA 2-20-98

'DEPARTMENT OF TRANSPORTATION }é?ltec}( bc}i/ bJLUD
: S _ ecked by
TIMBER BEAM RATING SHEET EXAHPLE DATE 27098
. . 1 (54
BR QL8|

' ALLOWABLE STRESS FOR TIMBER BEAMS - AASHTO 13.6.4.1
fi = Fb’ = F,CyCpCeCyCLCCoC,  For sawn lumber, only Cy,Cp Cr & C, apply.
Note: For Glulam timber beams, Cy is not used. Use Cy per Section 13.6.4.3.

Cwm- Sect. 13.5.5.1: Expect all br1d e timbers to exceed 19% moisture content.
From Table 13.5.14, Cy, = 0.85 unless Fb(Cy) are less then 1150, then C“— 1.0.
- (For glulam beam, from Tabie 13.5. 3A, Cy=0.30)

Cp-Sect. 13.5.5.2: See table 13.5.5A, page 335. Use 2 months (Vehicle LL), Cp = 1.15.

| Ce- Sect. 13.6.4.2 Lumber 2" to 4" thick use Table 13.5.1A. For lumber thicker then 5" Cp = (12/d)'».
LE. for 8 x 14 beam, C; = (12/14)'* = 0.983.
C, -Table 13.5.1A. For lumber 2" to 4" thick, C, = 1.15. Otherwise C, = 1.0.

As an examgle 1f = 1500psi, and beam is 8" x 14", then
OO( 85)8 15)(0 983)=1441 pSI allowable bendmg stress.
And fo=1.33fi = 1917 psi

Shear ratmé may be checked, see section 13.6.5.2.
Allowable Shear Stress Sect. 13.6.5.3 ( allowable Shear Parallel to grain).
fv(inv) = F'v=F, Cy Cp. If Fy=295 psi, then F’v =95(1.0)(1.15) = 109.25 psi.

Use Table 3.23.1 for Live load distribution for bending anal lysis.
Use Section 13.6.5.2 for [ive load distribution for shear analysis

ALLOWABLE STRESS 0K BHJD//UL

FRIH_PLAL; Fb=lg00 1 | CH=0S, Co=lis) Cr o) Vo057 0

" Fo= f!-,__}bdo[%)(//sj(%n(w) %5 % Jaf/,;%zd
*“5"1—-—{5 (s (20) " 423 7m%

TV PR E 16" 193 5.63 ) St L
2= | SECT 13.6.5.2

Ve (Dzsr) Il 5SEIEGLN 1_/_,:;:,5/@/(‘,,/@ )
_ __/ALu._@ﬂ;i_/w Ve =lo () \epp:= & Fr (Rl

e Ve

- Vap=104a5(5)U% = ol [2h - Slie”

| CHECH SHEMR: .. Yo (ot ‘daui)«f eﬁ( -m) Sr/*’ ﬂ??'

%@sgﬁ%

Q_LL_‘

SN ﬁ/mfe(sm@ Al (1) = HS 147 - NOT CRITICE
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DEPARTMENT OF TRANSPORTATION

TIMBER BEAM RATING SHEET

L=L\I-T0

Side 1

SNEET INO. ~ o1

Rated by
Checked by

DATE

BRIDGE LOCATION AND DESCRIPTION

Bridge No: -

. Description:

Route:

Roadway Width:

Year Built:

Location:

Year Remodeled: . Slab Thickness:

W.C.Thickness:

Span Rated: Span Length(L):

Beam Spacing (S):

Impact:

SUMMARY OF RATING AND LOAD POSTING

INVENTORY OPERATING

LOAD POSTING
RATING RATING REQ'D?

LOAD POSTING LIMITS (See Ill. 3or 4, & 1
(COMPLETE WHEN LOAD POSTING IS REQUIRED)

0

YES

HS ' HS
I NO

Vehicle Type M3
Weight =24T -

Semi-Trailer Comb.

M3, ¢
ight = 36T “}gght 40T

Truck & full Trailer
M3-3

Tons

Tons _ Tons

|RATING DATA

Dist. Factor (p. 32, AASHTO, 1997) = §/ =

INVENTORY

OPERATING

Critical Point Location

Number '

Section Modulus  (-loss) | in.

Allowable Stress (See reverse side)

Kips/in? | fi=

Resisting Moment/BM = SM( ﬁ or fo) Ft. Kips

Dead Load Moment/Bm - Ft. Kips

LL/Wh.Line = (1 + Impact){(Dist. Factor)

Mom. Avail. for @D - @ | Ft-Kips

®
®

HS 20 Moment per wheel line(See I1i. #9) ' Ft. Kips

HS Rating @ (20) ‘ Number HS
®

HS

DEAD LOAD DESCRIPTION

DL per ft. of Beam

Overburden =

= lb./ft.

Slab =

= tb./ft.

Beam (Nominal Size = )

= lb./ft.

Railing, Diaphragms, etc. =

= [b/ft.

Total Dead Load =W

- )

Dead Load Moment = {W){L)? =
_ (85('(_)_'31000

= ‘ Ft-Kips




STATE OF MINNESOTA | 22098

DEPARTMENT OF TRANSPORTATION Rated by
o : Checked by
TIMBER BEAM RATING SHEET _ DATE
ae

ALLOWABLE STRESS FOR TIMBER BEAMS -- AASHTO 13.6.4.1

fi=Fb’ = F,CuCpCeCyvCLCCsC, For sawn lumber, only Cy,Cp, Cr & C, apply.

Note: For Glulam timber beams, Cy is not used. Use Cy per Section 13.6.4.3.

Cy- Sect. 13.5.5.1: Expect all bridge timbers to exceed 19% moisture content.
From Table 13.5.1A, Cy, = 0.85 unless Fb(Cy) are less then 1150, then Cy,= 1.0.
(For glulam beam, from Table 13.5.3A, Cy, = 0.80)

Cp-Sect. 13.5.5.2: See table 13.5.5A, page 335. Use 2 months (Vehicle LL), Cp = 1.15.

Cp- Sect. 13.6.4.2 Lumber 2" to 4" thick use Table 13.5.1A. For lumber thicker then 5" Cy = (12/d)'>.
LE. for 8 x 14 beam, C = (12/14)"° = 0.983. .

C, -Table 13.5.1A. For lumber 2" to 4" thick, C, = 1.15. Otherwise C = 1.0.

As an example, if F§ = ISOOg)si and beam is 8" x 14" then

1500(.85)(1.15)(0.983) =1441 psi allowable bending stress.
And fo = 1.33fi= 1917 psi

— ' =

Shear rating may be checked, see section 13.6.5.2. )
Allowable Shear Stress Sect. 13.6.5.3 ( allowable Shear parallel to grain).
fv(inv) =F’v=Fy Cy Cp. IfFy =95 psi, then F'v=95(1.0)(1.15) = 109.25 psi.

Use Table 3.23.1 for Live load distribution for bending analysis.
Use Section 13.6.5.2 for live load distribution for shear analysis




STALTE OF MINNESOTA
DEPARTMENT OF TRANSPORTATION

LONGITUDINAL LAMINATED
TIMBER DECK RATING SHEET

2-20-98

 EXAHeLE T T

VALED PRUEL

SheetNo._ { of |-
Rated by Jup
_Checked by :
Date
Side 1

c-20-9%

BRIDGE LOCATION AND DESCRIPTION

R
/

Bridge No: ()50 {

Description: 3 SPA‘?US 0 Uﬁ/{ o) 77?& 77-HL

Rowe:  TWU 300 RIVER |
Roadway Width: 88 ! Location: _/_, ¢ /’)‘ JU' E a :1r: \}LT C,S’AH‘ 79
Year Built: / q o] : . :
. 174 ;
Year Remodeled: - Slab Thickness: 3”7(/(:"” LAM. W.C.Thlckness:ﬁ_m
. 4
Span Rated: Span Length(L):_ 3/ LE !0 Panel Width (Wp):__{>—{) Impact: (D)
SUMMARY OF RATING AND LOAD POSTING '
INVENTORY - | OPERATING LOAD POSTING LOAD POSTING LIMITS (See Ill. 3 or 4. & 10)
RATING * | RATING REQ'D? (COMPLETE WHEN LOAD POSTING IS REQUIRED)
YES Vehicle Type M3 Semi-Trailer Comb. Truck & full Trailer
HS_ 7 | B 3%, 8 NG 7 Weight = 24T W ST BN dor
Tons _ Tons Tons
RATING DATA
' -
Dist. Factor (See Reverse Side) =DF. =__ [, & ,
INVENTORY OPERATING |
g 4
Critical Point Location Number @ % A
. _ I T . 3 . —-— ‘ -
Section Modulus (Joss] -~ 72 (!C{) in. 2352 _ 23 ST
Allowable Stress (See reverse side) Kips/in? {fi= 1,577 fo=133fi= 2,00 §&
{ Resisting Moment/BM = SM(fi or fo) Ft. Kips - 297' 2 @ 2 q é’; $/' )
Dead Load Moment/panel Ft. Kips 70, ) @ 70. & @
Mo, Avail. f (ORe) Ft. Kips ‘/73-%@- @ @
Ll_(j’mWh.VI?ilne . {1 + Impact)(Dist. Factor) Z} l,, ‘ > is l 1535 (ZJ 7; O
HS 20 Moment per wheel line(See IIL. #9) Ft. Kips /115 ® 1. ®
HS Rating @ (20) Number Sl s 34.8
5

DEAD LOAD DESCRIPTION

DL per ft. of panel.

Dead Load Moment = (W) (LY
(3Y(1000)

Overburden = ,Q_SJ %l {‘F [ G g/&f: = Z/ é) Ib./ft.
Lam. Deck (Nominal Size ={5 X [& {f y (o x0T 358 y/og: = 35 b
Railing, Diaphragms, etc. = %), 5‘7 L 5% 93 SR //f; A = g b/
Total Dead Load = W , ' = b’ 7 § (b./f.

= lbjg_@{ﬂj_—_. = 70 Ft-KipS




STATE OF MINNESOTA 2-20-98

DEPARTMENT OF TRANSPORTATION : Ié;tec}{ bg b\} Wwo
AN i R s e e ecxe
_ N&AILED _PAUEL _EXAMPLE L ’S?%fez?'w g
' ide

_LONGITUDINAL LAMINATED TIMBER DECK RATING SHEET Bro3506

LIVE LOAD DISTRIBUTION FACTOR:
Determine the fraction of wheel load a Er)lphed to each panel
No longitudinal distribution of wheel loads.
Lateral distribution is as follows:
Continuous Nailed Panels: AASHTO Section 3.25.2.2.
Dist. Factor/Wh. = Wp/wheel dist. width = UO ’/ (>

Wheel dist. width = Tire width + 2(t). Tire width usuaily can be taken as, 20" o = panel = /({-
thickness. M wh QKT = -70%7 (l ) U—(”
Wp=panel width  PANE \¢'~ AN

Glue Lam. Panels: AASHTO Section 3.25.3.1.

2 lanes: D.F.=__ _Wp or W : Use Greater, D.F.=
3.75 ¥ L/728 5.60

1 lane: D.F. = Wp or W : Use Greater, D.F.=
425+1L/28 5 gO :

D.F. = Lateral Live Load distribution factor.

- ALLOWABLE STRESS FOR TIMBER DESIGN — AASHTO Section 13.6.4.1
fi=Fb’ = F,CyCpCrCyC CCsC, For sawn lumber and glulam, only Cy, Cp, Ce & C, apply.
- Cy- Sect. 13.5.5. 1: Expect all bridge timbers to exceed 19% moisture content.
From Table 13.5.14, C .85 for Fb unless F,(Cy)are less then 1150 then CM =1. O
(For glulam, Table 13.934, Cy = 0.80)
Cp-Sect. 13.5.5.2: See table 13.5.5A, page 335. Use 2 months (Vehicle LL), ,CD =1.15.
Cs- Sect. 13.6.4.2: For lumber 2" to 4" thick use Table 13.5.1A.
L.E. for 3 x 14 nail lam,, C; =0.9.
C.-Table 13.5.1A. For lumber 27%o 4" thick, C, = 1. 15
As an exam le if Fb= 1500 si, then
: fi= = 1500(. 85)(Ip15)(0 Ix1. 15) =1517 psi : allowable bending stress.
And fo =1.33f= 2018 psi.
Shear rating may be checked, see section 13.6.5.2.

Allowable Shear Stress Sect. 13.6.5.3 ( allowable Shear parallel to grain). )
fv(inv) =F"v =Fy Cy Co. IfFy=95 psi, then F'v = 95(1.0)(1.15) = 109.25 psi.

F6R TRIS EXAAPLE | 51 ¢ %o ARE NS SHIUL ABOVE. o

SHEM CHELA Vu,&*‘dow)aﬁf(/sfjj—hlﬂ 3,29 1 /1" Panel | ' A= 017
o (vbotsr) =t {67 33067) /31,17 210457 (SR R 1L 3 () out)
Uu,(ofﬂ 055 WS = Tt l/u,s[m 109< Holed) = IhSH/ Panel.
J\, RETING - _\(QH__'Z’;L@O) Vete -2 FYU(d)- 210 f/—,z\@ ik

I RETNG (Shcﬁ«)» /s.ez-%’aﬂ(éo) Hs 113 - *Uﬂ’ czzr:wf



DEPARTMENT OF TRANSPORTATION Rated by .
LONGITUDINAL LAMINATED Date
TIMBER DECK RATING SHEET Side 1
BRIDGE LOCATION AND DESCRIPTION j°
Bridge No: Description:
1 Route:
Roadwéy Width: Location:
Year Built:
rYear Remodeled: Slab Thickness: W.C.Thickness:
Span Rated: Span Length(L): Panel Width (Wp): Impact:
SUMMARY OF RATING AND LOAD POSTING |
I e L F e T
YES m}}it‘i}flgﬁgr M3 %cmei-Trailer Comb. %’m%k &3%}] Trailer
HS_____ HS NO 8 : Weight = 36T Weight = 40T
Tons _Tons Tons
RATING DATA
| Dist. Factor (See Reverse Side} =D.F. =
INVENTORY OPERATING
Critical Point Location Number )
Section Modulus (—idss) in.*
Allowable Stress {See reverse side) | Kips/in?2 | fi= fo=133fi=
Resisting Moment/BM = SM;i; or fo) Ft. Kx?s @ @
Dead Load Moment/panei Ft. Kips @ @
Mom. Avail. for D . Ft. Kips @ @
LL/Wh.Line = (I + Impact)(Dist. Factor)
HS 20 Moment per wheel line(See Ill. #9) Ft. Kips ® : )
HS Rating % (20} Number HS - : HS
DEAD LOAD DESCRIPTION DL per f&. of panel.
Overburden = = b/ft.
Lam. Dgck (Nominal Size = ) = lb /it
Railing, Diaphragms, etc. = = lb./fr.
| Total Dead Load =W = th./R. L
Dead Load Moment = g(\SV))( {16&0) = = | Ft-Kips }

St

IR



STATE OF MINNESOTA | 2.20-98 |
DEPARTMENT OF TRANSPORTATION | Rated by
_ . Date:

| Side 2
“ONGITUDINAL LAMINATED TIMBER DECK RATING SHEET

Checked by

LIVE LOAD DISTRIBUTION FACTOR:
Determine the fraction of wheel load plied to each panel.
No longitudinal distribution of wheel loads.
Lateral distribution is as follows:
Continuous Nailed Panels: AASHTO Section 3.25.2.2.

Dist. Factor/Wh. = Wp/wheel dist. width =

thickness. .
Wp = panel width

Glue Lam. Panels: AASHTO Section 3.25.3.1.

2 lanes: DF.=__Wp or Wp : UseGreater, D.F.=
3. 75+ L/28 5.60 :

1lane: DF.=__ Wp or Wp : UseGreater, D.F.=
425 +L/28 5.§0 : :

' DF = Lateral Live Load distribution factor.

Wheel dist. width = Tire width + 2(t). Tire width usually can be taken as 20" “t” = panel

\LLOWABLE STRESS FOR TIMBER DESIGN -- AASHTO Section 13.6.4.1
h=Fb = F,,CMCDCFC'VCLC,Cﬁ,Cr For sawn lumber and glulam, only Cy, CD,: C; & C, apply.

Cp- Sect. 13.5.5.1: Expect all bridge timbers to exceed 19% moisture content.
From Table 13.5.1A, Cy = 0.85 for F, unless F(Cg)are less then 1150, then C; = 1.0.
(For glulam, Table 13.¥3A, Cy = 0.80)

Cp-Sect. 13.5.5.2: See table 13.5.5A, page 335. Use 2 months (Vehicle LL), Cp = 1.15.

Cg- Sect. 13.6.4.2: For lumber 2" to 4" thick use Table 13.5.1A.
LE. for 3 x 14 nail'lam., C; = 0.9. :
C,-Table 13.5.1A. For lumber 2" to 4" thick, C, = 1.15

As an example, if Fb = 1500 psi, then _ ] _
fi=Fb= 1500(‘85)(11?15)(0.9)(1. 15) =1517 psi allowable bending stress.
And fo = 1.33fi = 2018 psi.

Shear rating may be checked, see section 13.6.5.2. - ]

Allowable Shear Stress Sect. 13.6.5.3 ( allowable Shear parallel to grain).
fv(inv) = F’v =Fy Cy Cp. IfFy=95psi, thenF'v= 95(1.0)(1.15) = 109.25 psi.
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STATE OF MINNESOTA

Sheet No. I O‘F. |
DEPARTMENT OF TRANSPORTATION Rated By ToL
- ' . Checked By
LOGITUDINAL LAMINATED Date 4/30/94
TIMBER DECK RATING SHEET aj
BRIDGE LOCATION AND DESCRIPTION _ )
Bridge No. 31551 Description 2 Spm Nail Lo\m'\ndﬁrcc\
Route . Co. RD. 253 Timber Ponel Br'\éc:)e." Trterioe Panel
Rdwy. Width 28" Locatlon._ (0. Bd. 253 ovec the
Span Length - 22-L 6" - Lidle Bcwﬁ"rr‘\hﬁs R‘\\JC_FJJ_I'\'U\&C.Q C-b.
Yedr Bulit chlﬂ' ' C

————

Year Remodeled

4”

1] .
Slab Th!ckness_ﬁ___ ¥W.C. Thickness

SUMMARY OF RATING AND LOAD POSTING —

LOAD POSTING LIMITS @

© © 10 ©

Inventory Cperating Load ,
Rating Rating Posting Rea’'d ? (Complete when load posting s required
H Yes Vehicle Semi-Traller Comb. Truck & Fulfrallﬁ‘r
Type M3 Type M3S2 Type M3-3
or Waight=24T Welght=36T Welght=40T
Hs _X1.D Hs S2.2 A vo
_ Tons Tons Tons
RATING DATA "
e
Dist. factor (See Reverse Side)= ___[-58  Beam Spccmg = e-4"
INVENTORY OPERATING
Critlcal Point Locatlon Number G i ' @
Impact. (T=0 for -'rnm!o;r 5‘5\ Number - O, c/fz’ ~ "ﬂﬂ O
Sectlon Modulus (]OSS)/G%?&,# [4%,1 in.° 2482.7 A * 6’:‘ 2482 7
Allowable Stress Kips/In? = 1,600 1.5/ fo= 1.33 £y = 2428 [ W
SM(fl or o) ) :
Resisting Moment/BM= ——5———— . Ft.Klps
_ | 0.3 @ 412.7
(® Oead Load Moment/BM Ft+.Kips 410 @ 41.0
Mom. Avall. for - @ :
= F+.Kips .
LL/Wh. Line = {{¥ImpactNDist.Factor) P \770.4 @ 2352
© HS 20 Moment per wheelline F+. Kips 6.0 & 0.0
HS Rating (20) Number
© Hs 37.9 Hs 52.2
@ Load Posting :For simple spans see lllustration *'s 3,4 & 10
@® Dead Load Moment: For Simple Spans, DL Mom.=% V_#Qf__*(pﬂq%*zz-s &° = 410k
© HS 20 Moment: For Simple Spans see lilustration "9 teee
DEAD LOAD DESCRIPTION DL per ft.of Beam
Overburden 4, MP\M\* = 9 /sﬂq io_* 4. ¥(6-4") = 228 b/ )
Lom Deck (Sizs = |4'% G4 [4"% \ $/12 % [64") % 500> - 3694 B/t
Ralling, Diaphragms, etC. La:/ 4o ext ,04n5/5/| Say mMise.= 5D u%q = 50.0 b./ft.

TotalDead Load = W

A7 4 b/t




379794

Side 2

Live Load Dlstribution Factor:

No Long]fudlnol Distribution 0f Wheslloads.

Lateral Distribution Is As Follows,

Continuous Nailed Panels: AASHTO, 3.25.2.2
b-4"

Dist. Factor/Wh = Y& = 204 2(14)-
S Az 42

S = Tire Width + 2tt), Tire Width
Wp = Panel Iblelerass

Widsh

Glue Lam. Panels: AASHTO, 3.25.3.1

' : . Wp Wp
:D.F. =
2 Lanes: D 3-754.5% or S.OQ
Wp W

Lane: D.F. = or B
1ta 4,25+ % 5.50

/58

= 20”, 1t = Panel Thickness

: Use Greater, D.F.z

:Use Greater, D.F.z

D.F. = Latergl Live Load Distribution Fqcfor.




SLALE UR MUNNESOTA
DEPARTMENT OF TRANSPORTATION

LONGITUDINAL LAMINATED
TIMBER DECK RATING SHEET

EXAHPLCE

2-20-98

SheetNo. / of /

Rated by

Checked FJ&L

GLUEAY _DECh

Date Z,QO—W

Side 1

BRIDGE LOCATION AND DESCRIPTION

BridgeNo: | ) (00 O Descripion: | S P QUER  STREAVY
Route: — ) ’

Roadway Widih: 3 Z / Location: a‘, O M ’ w. %’ J G'T"} CSA—H Lf
Year Built: /q QO :

7 . - 77 i
Slab Thickness: 3 X% ”Ld.v"f, W.C.Thickness: 3 ﬁvr},{a/ 7L

Year Remodeled: ~—
77
Span Rated: Span Length(L):__ 2O ' Ppanel Width (Wp): 41 0 Impact: (O
SUMMARY OF RATING AND LOAD POSTING
RINAVTIEII:ITCI;ORY gi%Ag'[NG kgé% P?OSTING LOAD POSTING LIMI AD'gOSS!S é%.}%h%rlﬁkg%)lﬂ)_
YES Ve}giclc_"_l‘ 4%_ M3 SemI-Traller Comb,. Truck& full Trailer

Bs 20,8 s 9.0 o o Weight = WhEMISZ R

’ - —  Tons ~ __Tons — Tons
RATING DATA
Dist. Factor (See Reverse Side) =D.F. = gqb

INVENTORY OPERATING
Critical Point Location Number 4. &
. : 1T |3 —

Section Modulus ~ (-loss) 7{{-(&@@175} _IH- l2. § lol Z,.j/
Allowable Stress (See reverse side) Kipsfin? | fi= [, 744 fo=133fi= 2,272

isting - ) Ft. Ki ' .
.Re51stm° Moment/BM = SM(fi or fo 1ps 8q1 07 @ / / 6 ’ '1” /_ @
Dead Load quent/panel Ft. Kips /L,L( g @ /(1;, [« @
Mom. Avail. f @D . Ft Kips @ sz ff( g - @
ij’n{h’h vliime or— (1 + Impact)(Dist. Factor) 89 2 / / 6: 0 )
HS 20 Moment per whee line(See I11. #9) Ft. Kips 8 00 ® a O‘ 0 ®
HS Ratiné _('@5 20) Number HS 20 F HS 852; 0

DEAD LOAD DESCRIPTION

DL per ft. of panel.

25! xu XG44 Tz

Overburden = = g4 ba
Lam. Deck (Nominal Size =34 v ) (@, 7% ‘Hb?) Hrer) / 12, = YL b
Railing, Diaphragms, ete. = Tuften by B Femor Faned = — b
Towl Dead Load = W ' = 290 b

Dead Load Moment = (WY (LY =
(S 1000

796(20]

I

]L]L‘ 5( Ft-Kips

5000 =




STATE OF MINNESOTA 2-20-98

DEPARTMENT OF TRANSPORTATION Iéﬁtei b?{ b;LLQD__-_ )
GLULAM DECH EXAHMPLE ]Saifé’;_ Bla8
1ae

. LONGITUDINAL LAMINATED TIMBER DECK RATING SHEET BR 1000

LIVE LOAD DISTRIBUTION FACTOR:
Determine the fraction of wheel load applied to each panel.
No longitudinal distribution of wieel loads.
Lateral distribution is as follows:
Continuous Nailed Panels: AASHTO Section 3.25.2.2.
Dist. Factor/Wh. = Wp/wheel dist. width =

Wheel dist. width = Tire width + 2(t). Tire width usually can be taken as 20". “t” = panel
thickness.

Wp = panel width -
Glue Lam. Panels: AASHTO Section 3.25.3.1.

1lane: D.F. = Wp or Wo___: Use Greater, D.F.= ¢
3725+ L728 530 . DF =, 890

D.F. = Lateral Live Load distribution factor.

2lanes: D.F.=__ Wp or Wp : UseGreater, D.F.= . = 596 or
375+ 1728 5000 37+L ﬁae;gm

40

- ALLOWABLE STRES;S FOR TIMBER DESIGN - AASHTO Section 13.6.4.1
fi=Fb’ = F,CyCpCiCyC .CL,C,  For sawn lumber and glulam, only Cy, Cp, Cr & C, apply.

Cu- Sect. 13.5.5.1: Expect all bridge timbers to exceed 19% moisture content.
From Table 13.5.1A, C .85 for Fb uniess Fy(Cp)are less then 1150, then Cy = L. 0.
(For glulam, Table 13.93A, Cy = 0.80)

Cp-Sect. 13.5.5.2: See table 13.5.5A, page 335. Use 2 months (V ehicle LL), Cy=1.15.

Ce Sect. 13.6.4.2: For lumber 2" to 4" thlck use Table 13.5.1A.
LE. forax14naillam Ce=0.9. *
C,-Table 13.5.1A. For lumber bX to 4" thick, C,=1.15 s

As an exam le ifFb= 1500 si, then
, fi=Fb=1500(. 85)(IplS)(O 9)(1.15) =1517 psi allowable bending stress:
And fo 1.33fi=2018 ps1. -

Shear rating may be checked, see section 13.6.5.2.
Allowable Shear Stress Sect. 13.6.5.3 ( allowable Shear Parallel to %ram
fv(inv) =Fv=F, Cy Cp. IfFV = 95 psi, then F'v=95(1.0)(1.15) =109.25 psi.

EXSHPLE L _Fo.< |SW0psl Ly = 0-00 0 hlS GF(~m3"m3/" -
T AEF'BE g00], &\f SN = 1795 e = 330 7¢

CHELR SHER: Vo ot Waat) 229 R ~75) a@?’"/u P

}
.:’/ L e 1

= éz,f) “,’

Wy :

Vi (pdisr) < Jeh (1778 F375 ) fao' =0 m(wﬁ-wwﬂ =g/

Bect 12as2! Y= S[GNTL HS B = |2 ,%H /4 Prajci

/IUU RETNG = I/LAFL o (20) | Vear =Z Fu (D))= % %{w}(

p—-Y

gt At S S
-J

/I RIS A VU 3050 s [ - s 434 MoT (RITI

j?l(f.o

o

%75z ”Gﬁ”-



DEPARTMENT OF TRANSPORTATION giteeg( Igg ;
LONGITUDINAL LAMINATED Date
TIMBER DECK RATING SHEET Side 1
BRIDGE LOCATION AND DESCRIPTION LN
Bridge No: Description: -
1 Route:
Roadway Width: Location:,
Year Built:
AYear Remodeled: Slab Thickness: W.C.Thickness:
Span Rated: Span Length(L): Panel Width (Wp): Impact:
SUMMARY OF RATING AND LOAD POSTING |
pRy (e e [T SR
YES Vehicle Type M3 Semi-Trailer Comb. Truck & full Trailer
HS_ HS NO —_—_ Weight =247 , w&grﬁsﬁsr ¥ &;“fi'ﬁmr ‘_;
Tons Tons Tons
RATING DATA
§ Dist. Factm; (See Reverse Side) =DF. =
INVENTORY OPERATIN G '
Critical Point Location Number | }
Section Modulus ~ (-loss) i3 _ _
Allowable Stress (See reverse side) Kipsfin2 { fi= fo=133fi=
Resistir_:g Moment/BM = SM;ili or {o) Ft. Ki?s | @
Dcad Load Moment/panel Ft. Kips @ )]
y&%ﬁvﬁhefm = (1+ I(I%pac-t)(%):st. Factor) e @
HS 20 Moment per wheel! line{See Iu. #9) Ft. Kips » @
HS Rating %_(26) Number HS - : 1 HS

DEAD LCAD DESCRIPTION

DL per ft. of panel.

{8)X(1000)

Overburden = = Ib./R.
Lam. Deck (MNominal Size = ) = Ib./ft.
Railing, Diaphragms, etc. = = b/t -
Total Dead Load ='W = bR,
Dead Load Moment = (W) (L)} = = Ft-Kips




STATE OF MINNESOTA 2-20-98

DEPARTMENT OF TRANSPORTATION. Rated by

Checked by
. Date: S

_ : Side 2
- LONGITUDINAL LAMINATED TIMBER DECK RATING SHEET

LIVE LOAD DISTRIBUTION FACTOR:
Determine the fraction of wheel load applied to each panel.
No longitudinal distribution of wheel loads.
Lateral distribution is as follows:
Continuous Nailed Panels: AASHTO Section 3.25.2.2.
Dist. Factor/Wh. = Wp/wheel dist. width=_

Wheel dist. width = Tire width + 2(t). Tire width usually can be taken as 20", “t” = panel
' thickness.

Wp = panel width
Glue Lam. Panels: AASHTO Section 3.25.3.1.

2 lanes: D.F.=  Wp or W + Use Greater, D.F.=
‘ 375 +L1/728 S.iEO

llane: DF.=  Wp or Wp : Use Greater, D.F.=
i75 + 1728 5.90 R

D.F. = Lateral Live Load distribution factor.

. ALLOWABLE STRESS FOR TIMBER DESIGN — AASHTO Section 13.6.4.1
fi=Fb® = FyCyCoCrCyCLCCrC,  For sawn lumber and glulam, only Cy, Cp, Cr & C, apply.

Cy- Sect. 13.5.5.1: Expect all bridge timbers to exceed 19% moisture content.
From Table 13.5.1A, C,, = 0.85 for Fy.unless Fy(Cg)are less then 1150, then Cy; = 1.0.
(For glulam, Table 13.5.3A, Cy = 0.80) ' |

Cp-Sect. 13.5.5.2: See table 13.5.5A, page 335. Use 2 months (Vehicle LL), Cp = 1.15.

'Ce- Sect. 13.6.4.2: For lumber 2" to 4" thick use Table 13.5.1A.
LE. for 3 x 14 nail lam., C; =0.9. : :
C,-Table 13.5.1A. For lumber 2" to 4" thick, C, = 1.15

As an examgle, if Fb = 1500 psi, then )
fi=Fb= 1500(.85)(1?15)(0.9)(1.15) =1517 psi allowable bending stress.
And fo =1.33fi = 2018 psi.

Shear rating may be checked, see section 13.6.5.2. , _ :
Allowable Shear Stress Sect..13.6.5.3 (allowable Shear Parallel to grain).
fv(inv) = F'v=Fy Cy Cp. If Fy =95 psi, thenF'v= 95(1.0%1('1.15) =109.25 psi.



EXEHPCE . -

2-20-98
STATE OF MINNESOTA _ Sheet No.
DEPARTMENT OF TRANSPORTATION Rated by \JWP
_ Checked by
RATING SHEET FOR Date _ 2~20 -9%
TRANSVERSE TIMBER PLANK DECK ___Side 1
BRIDGE LOCATION AND DESCRIPTIONM
Bridge No. 97.¢ <% : Long. Beam Spacing (C/C)__ 3, O .
Route 175 Transverse Plank Thickness () 2
Year Built 1903 - Transverse Plank Width (b) 12
Year Remodeled
. SUMMARY OF RATING AND LOAD POSTING
Inventory | Operating Load LOAD POSTING LIMITS @
rating Rating Posting Req’d? | (Complete when load posting is required)
L’ Yes Vehicle Type M3 | Semi-trailer Combr. | Truck & Fuil Trailer
_— Weight = 24T Type M382
HS 7. i HS / 0. { , - v.)rgghmasr E’i;?fifm'
No 8 2; Tons 3&& Tons 3 f Tons

RATING FROM WORK SHEET TABLE OR CALCULATIONS BELOW
(See back side for explanation) '

§S=C/IC-023=_¢2,77 (i No Impact
< INVENTORY OPERATING

Allowable Stress (assumed) kips/sq.in | =158 L% f,=133fi=28 2.8
Mom Avail. For LL/Plank = | Ft. Kips ' . @ :

SM(fior fo)/12-01  SPT =43 P a4s 3 2b @
M @)= 12.8 ( S/4 - 2083 ) Ft. Kips L2 @ L2 ® ||
RATING = @ _(20) mmber | HS /.9 HS 0.8

@ .
POSTING: M (LEGAL)=.5625M @s) = _ 3, 4
Posting Limits: 2,26
Vehicle (M3) = Mom Avail(Oper) (24) = °2 tons -
M (legal ) 3,49 2.

Combination Vehicles (M3sz or M3s3 ) = Mom Avail(Oper) (36.65) = = f'/'! L Tons
M( legal) fj;{-cf

) '
g

;\‘%;./



EXAMPL ,:
PLAD Fh = YK

TRANSVERSE TIMBER PLANK DECK ~ Side 2

_ WORK SHEET EXPLANATION
S =C/C-0.23: See AASHTO Sect. 3.25.1.2. Assume flange width = 5.5",
then S = C/C - 5.5/2x12 = C/C - 0.23.

Allowable Stress: For older timber planks where timber stress is unknown, use
fi= 1.5 ksi & fo = 2.0 ksi. If timber bending stress is known, see AASHTO 13.6.4.1. '
For 2" to 4" thick planks, Fb’ = Fb,C,,C;,Cy, and if

C,, =0.85, C;,=1.15, C;, = 1.2, then Fb’ = Fb (1.17).
Example 3" x 12" plank, ¥b (plan) = 1.4 ksi, then fi = 1.4(1.17) 1 .64 ksi_land_
fo=133x1.64 =2.18 g§1|
Moment available for LL/plank: Assume dead load moment of 0.01 ft-kip, then
Mom avail. = SM(fi or fo)/12 - .01 where SM = (b)(t)*/6.
Example: 3" x 12" plank, fi= 1.5 ksi, then SM = (12 x 3 x 3)/6 = 18 in cu.
and Mom avail. (Inv) = 18 x 1.5/12 - .01 = 2.24 {t kip/plank.

M (455) = HS 20 live load moment/plank. For wheel load distribution to deck planks,
dist. normal to traffic = 1 wheel/plank, dist. in direction of traffic = tire width (assume 20"
wide tire). Therefore the moment for a uniform load spread over 20" at center of span
length “S” and using a continuous factor of “.8" is: Mom = .8(P/2 x S/2 - P/2x 5/12) =
.8P(S/4 - .2083). For HS20 loading, P = 16 kips, Legal P = 9 kip (18/2).
Therefore M(,;s) = -8 x 16(5/4 -.2083) = 12.8(S5/4 - .2083)

& M(legal) = 7.2(S/4 - .2083) = .5625 Mys.

POSTING : M(legal) =.5625 M(ys). See explanation above.

TABLE OF RATING & POSTING LOADS FOR 3" x 12" TRANS. TIMBER PLANK

ASSUME fi = 1.5 ksi, fo = 2.0 ksi

C/C Spacing My HS Inv. | HS Oper | Miggar POSTING--TONS

“S” ' Rating Rating

feet fi-kips | =224Q0) | =2.99(20) | fi-kips . M,= Mg =

. Mygs | Mps 2.99 (24) 2.99(36.6)

» My eg Mixg
2.0 1.77 3.0 HS 149 | HS 19.9 1.69 LEGAL | LEGAL
2.25 2.02 3.3 11.8 15.7 2.13 LEGAL | LEGAL
25 227 4.6 9.7 130 | 259 LEGAL | LEGAL .
2.75 2.52 5.4 3.3 110 3.04 LEGAL | LEGAL
3.0 277 62 72 9.6 3.49 20 31
3.25 3.02 7.0 6.4 85 3.94 18 28




STATE OF MINNESOTA
DEPARTMENT OF TRANSPORTATION

RATING SHEET FOR

TRANSVERSE TIMBER PLANK DECK

Sheet No.

2-20-98

Rated by

Checked by

Date

Side 1

\;BRIDGE LOCATION AND DESCRIPTION -

|| Bridge No. " Long. Beam Spacing ( C/C)
Route Transverse Plank Thickness (f)
Year Built Transverse Plank Width (b)
Year Remodeled
SUMMARY OF RATING AND LOAD POSTING
Inventory Operating Load LOAD POSTING LIMITS @
rating Rating Posting Req’d? | (Complete when load posting is required)
Yes Vehicle Type M3 Semi-trailer Comb. | Truck & Full Trailer
Weight = 24T Type M3S2 Type M3S3
HS HS e ’ \in;ht=36T v.?re}:'ghb:L 4301"
’ No »
Tons Tons Tons

RATING FROM WORK SHEET TABLE OR CALCU_LATIONS BELOW

S=C/C-023=

(See back side for explanation)

i

M (legal )
Combination Vehicles (M3s2 or Mss3 ) = Mom Avail(Oper) (36.65) =

M( legal)

Tons

(ft) No Impact
’ INVENTORY OPERATING
' E‘xllowable, Stress (assumed) | kips/sq.in | £,=1.50 f,=133fi=20 |
‘Mom Avail. For LL/Plank = Ft. Kips ) | : @ - I
SM(fi or fo)/12 -.01 .
M @ms)=12.8 ( S/4 - 2083 ) Ft. Kips @ )
RATING = @ (20) number HS HS ‘ﬂ
@
POSTING: M (LEGAL)=.5625M (us) =
Posting Limits: ' :
Vehicle (M3) = Mom Avail(Oper) (24) = tons




TRANSVERSE TIMBER PLANK DECK Side 2

WORK SHEET EXPLANATION
S = C/C - 0.23: See AASBTO Sect. 3.25.1.2. Assume flange width = 5.5",
then S= C/C - 5.5/2x12 = C/C - .23,
Allowable Stress: For older timber planks where timber stress is unknown, use
fi= 1.5 ksi & fo =2.0 ksi. If timber bending stress is known, see AASHTO 13.6.4.1.
For 2" to 4" thick planks, Fb’ = Fb,C,,,C,,C,, and if -
C\ =0.85, C, =1.15, C, = 1.2, then Fb’ = Fb (1.17).
Example: 3" x 12" plank, Fb (plan) = 1.4 ksi, then fi = 1.4(1.17) = 1.64 ksi and
fo =1.33 x 1.64 = 2.18 ksi.

Moment available for LL/plank: Assume dead load moment of 0.01 ft-kip, then
Mom avail. = SM(fi or f0)/12 - .01 where SM = (b)(1)¥/6.
Example: 3" x 12" plank, fi= 1.5 ksi, then SM = (12 x 3 x 3)/6 = 18 in cu.
and Mom avail. (Inv) = 18 x 1.5/12 - .01 =2.24 ft kip/plank.

M (515} = HS 20 live Joad moment/plank For wheel load distribution to deck planks,
dist. normal to traffic =1 wheel/plank, dist. in direction of traffic = tire width (assume 20"
wide tire). Therefore the moment for a uniform load spread over 20" at center of span
length “S” and using a continuous factor of “.8" is: Mom = .8(P/2 x $/2 - P/2 x 5/12) =
.8P(5/4 - .2083). For HS20 loading, P = 16 kips, Legal P =9 kip (18/2).
Therefore M(;;5) = .8 x 16(S/4 -.2083) = 12.8(S/4 - .2083)
& M(legal) = 7.2(S/4 - .2083) = .5625 M.
POSTING : M(legal) = .5625 M(ys). See explanation above.

TABLE OF RATING & POSTING LOADS FOR 3" x 12" TRANS. TIMBER PLANK .

ASSUME fi = 1.5 ksi, fo = 2.0 ksi

c/iC Spacing - Mys HS Inv. | HS Oper | Mggar POSTING--TONS
o “S” ' Rating Rating
feet ft-kips =2.24(20) | =2.99(20) ft-kips M;= Mg =
, My L 2.99 (24) | 2.99(36.6)
Mg Mie |

2.0 1.77 3.0 HS 14.9 | HS19.9 1.69 LEGAL | LEGAL
2.25 2.02 3.8 11.8 15.7 2.13 LEGAL | LEGAL
2.5 227 4.6 9.7 - 13.0 2.59 LEGAL | LEGAL
2.75 2.52 5.4 8.3 11.0 3.04 LEGAL | LEGAL
3.0 2.77 6.2 72 9.6 3.49 20 31
3.25 3.02 1.0 6.4 8.5 .3.94 18 28
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PC! BRIDGE DESIGN MANUAL

18.5
. RATING EXAMPLE

18.5.1
Introduction

Figure 18.5.1-1
Example Bridge Details

: 18.5.2
Materials and Conditions

CHAPTER 18

LOAD RATING PROCEDURES

-18.5 Rating Example/18.5.2 Materials and Conditions

This two-lane bridge, built in the 1970s, is located on State Road 30 over the
Carrabelle River in Franklin County, FL. It consists of five simple spans, each 65-ft.

- long. Each bridge span consists of 6 AASHTO Type III prestressed concrete beams

spaced at 8'-2" on center. The total width of the bridge is 46'-3". The bridge has
an 8-in.-thick continuous concrete deck. The top 1/2 in. of the slab is considered a
wearing surface. The continuity of slab is not considered in the following calculation
for simplicity. Figure 18.5.1-1 shows the bridge elevation and the typical span cross-
section. The following calculations demonstrate the rating procedure for an interior

beam using AASHTO Specifications and the field test method.

7.5" thick slab continuous over suppdrts

ZZzimmemssrasasrasesnsessasnras e

L] L] [ L L
5 Simple Spans @ 65'-0" (center-to-center of bearings)
ELEVATION
< 46|—3" ‘I
I‘; 43l‘6“ I

AASHTO Type III Beams

5 spaces @ 8'-2"

CROSS-SECTION

Number of simple spans =5

Number of traffic lanes = 2

Span length, L=65 ft

Bridge width = 46'-3"

Structural slab thickness, t, = 7.5 in.
Total slab thickness = 8 in.

Future wearing surface =2.0 in. (25 psf)
Parapet weight = 411 plf

 Specified concrete strength of beam, £, = 5,000 psi

Modulus of elasticity of beam concrete, E_ = 4,287 ksi

Specified Concrete strength at transfer {(beam), {; = 4,000 psi
Modulus of elasticity of beam concrete at transfer, E; = 3,834 ksi
Specified concrete strength of deck, £, = 3,400 psi

JUL 03
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PC] BRIDGE DESIGN MANUAL

18.5.3
Section Properties

Table 18.5.3-1
Section Properties

Figure 18.5.3-1
Cross-Section at Midspan

18.54
Load Calculations

18.5.4.1
Dead Loads

CHAFPTER 18

LOAD RATING PROCEDURES

18.5.2 Materials and Conditions/18.5.4.1 Dead Loads

Modulus of elasticity of deck concrete, E_ = 3,535 ksi

Unit weight of concrete for beams and deck w, = 150 pcf

Allowable tensile stress at service (midspan) —GI ~0.424 ksi

Prestressing strand strength, £, = 270 ksi

Modulus of elasticity of strand, E, = 28,500 ksi
Area of 1/2 in. dia prestressing strand = 0.153 in.?
Initial prestress, f; = 0.75f, = 202,500 psi

TInitial prestress force/strand, P = (0.153){0.75)(f,) = 30.98 kips

Rating vehicle = HS20

The beam properties and cross-section are shown in Table 18.5.3-1 and Fig. 18.5.3-1.
The section properties are calculated based on a 7.5 in. structural slab thickness, ¢,

The difference in material properties bctween slab and beam are considered with
transformed width of slab

Non- Composite Composite
Section Section
=24.73 in. V= 17.42 in.
©yp=20.27 in. Vi = 35.08 in.
I=125,390in.} I.= 364,153 in.*
A =560 in.? A,=1,166in.*
| b, = 98" N
b,=16" l
7.2"
A
N.A. Composite
y
N.A. Non-composite . | .
A 3
{22) 1/2-in.-dia, low-relaxation strands, ~ 'PS G
270 ksi, P; = 30.98 kips S g 4
< )
Lo I
| ~_ 7 & £
2@2"}_____}_‘ o_oooogooooi
3" G000000000 v \
* bb = 22" T

The non-composite section carries the beam self-weight and slab weight (8-in. thick),
while the weights of the barrier and future wearing surface are uniformly distributed
among the six beams and are carried by the composite section.

JUL 03




PCI BRIDGE DESIGN MANUAL

-18.5.4.2
Live Loading (HS20 Truck)

18.5.4.3
Prestfress Losses

CHAPTER 18

LOAD RATING PROCEDURES

18.5.4.1 Dead Loads/18.5.4.3 Prestress Losses

Beam moment:

wL® (560 /144)(0.150)(65)°

M, = 5 ®) = 308.07 ft-kips
Slab moment:
2
M, = wL’ _ (8.17)(8/12)(0.150)(65) - 43130 fokips
8 (8)
Barriér moment: |
w2 {o411)2)(6s) .
M, = . = (8) (6) = 72.?5 ft—kxps\
: Futﬁre wearing surface:
ML= wl? _ (43.5)(0.025)(65)"

5 (8(9)

Total dead load morﬁént:
My = 907.62 fr-kips

=95.72 fi-kips

Truck loading governs for this span, so lane and alternate military loadings are not

considered.

Maximum wheel-load momenc:
MWL—HSZU = 448 &—kiPS

Impact factor:
=0 o2
- (125+65)
AASHTO wheel-load distribution factor:
S 8.17

WDF= —=—""—=1.49
55 55

Live load moment per beam:

[STD Eq. 3-1]

[STD Table 3.23.1]

Mz = (WDF) My ys20)(1 + 1) = (1.49)(448)(1.26) = 841.1 fi-kips

. Initial prestress force immediately after transfer:

P, = (22)(0.153)(0.69)(270) = 627.1 kips

[STD Art. 9.16.2.1.2]
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18.5.5
Stresses and Strength

CHAPTER 18

LOAD RATING PROCEDURES

18.5.4.3 Prestress Losses/18.5.5 Stresses and Strength

Eccentricity of prestress force:

e =y, yhe= 2027 — 4.27 = 16.00 in. [STD Art. 9.16.2.1.2]

P, Pe* Mge

. o= s 78

cir A_ I I
2
_ (627.1)+((627.1)(16) )_((308.07)16(12)J = +1.93 ksi

560 125,390 125,390
£, = Mse (Mb + Mws)(ch - Ybs)
R I

<

_ (u3r48n602)) (7235+9572)12)(35.07 - 427) 0831 ki
125,390 364,324 '

Elastic shortening loss:

E 28,500 :
ES= —=f, =] 1.93)=14.35 ksi TD Eq. 9-

Bt - (B Joow - 14351 STD Eq. 5.
Shrinkage loss (assume RH = 70%):
SH =17 - (0.15)(RH) = 17 — (0.15)(70) = 6.50 ksi [STD Eq. 9-4}
Creep loss:

CR, = 12f;, — 7,4, = (12)(1.93) — (7)(0.831) = 17.34 ksi [STD Eq. 9-9]

Relaxation loss:

CR, =5 - 0.1(ES) — 0.05(SH + CR,) = 5 — (0.1)(14.35) — (0.05)(6.50 + 17.34)
= 2.37 ksi [STD Eq. 9-10]

Total prestress losses:

SH + ES + CR_+ CR, = 6.50 + 14.35 + 17.34 + 2.37 = 40.56 ksi [STD Eq, 9-3]

Effective final prestress:

£, =202.5-40.56 = 161.94 ksi

Effective final prestress force:

P, = (22)(0.153)(161.94) = 545.09 kips

In a complete design process, strength checking (bending and shear} should be con-
ducted for several sections along the span length. While a rating process should fol-
low the same principles as design, the following calculation is limited to the bending
strength at midspan and stress at the bottom of the beam, which are the locations
that typically govern design. ’
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18.55.1

Total Tensile Stress at Service -
Inventory Rating

18.5.5.2
Design Flexural Strengih -
Operating Rating

18.5.5.3
Rating Factor

_CHAPTER 18

LOAD RATING PROCEDURES

18.5.5.1 Total Tensile Stress at Service - inventory Rating/ls 5.5.3 Rating Factor

Dead load stress on non-composite section:

_ (M M)y, (308.07 +431.48)(12)(20.27) _

—1.435 ksi
ek I 125,390
Dead load stress on composite section:
M, +M 12)(35.0
£ = My + My, (72.35495.72)( )(3 7 - o194 ksi

I 364,324

c

Live load stress on composite section:

My (3411)02)3507)
H= 364,324

<

~0.972 ksi

Stress from prestress force:

¢ P Peeyy 54509 (545.09)(16)(20.27)
A I 560 -~ 125,390

= +2.383 ksi (compression)

Total tensile stress at service:

froat = fpe — (oL + fopr) — fria
-=2.383 — (1.435 + 0.194) — 0.972 = — 0.218 ksi,
£ 1o = — 0.424 ksi

R.E[N = fallowj total — 0424/0218 = 194

M, = 1.3(M,+ 1.67M+) = 1.3[(907. 62} + 1.67(841. 1)} = 3,005.93 ft- klps
d —45-{—75 4.27 = 48.23 in.

fu =f 1—£[E£}
-5

= 270{1 —(0'28)(0'15 3)(22)(270)} 265.0 ki

0.85 }(98)(48.23)\ 3.4

A, (265.0)(22)(0.153)

" osshl | (085)o8)34) o™

M, = A;f:u(d - %J = (22)(0.153)(265.0)(48 23- % E) =3,468.0 f-kips

M 3,468.0

RF = ___nh -
T M. 3,005.93

=1.15

(1]

The above calculations show that the design is governed by the lower rating factor for the
design flexural strength (R.Egp = 1.15). Therefore, the load rating for the bridge is equa.l _

to HS(ZO x 1.15) = HS23.
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18.5.6
Evaluation Guide
Specification Rating

18.5.7°
Rating using the LRFD
Specifications

18.5.7.1
Dead Load

18.5.7.2
Prestress Loss

18.5.7.3
Live Load

CHAPTER 18

LOAD RATING PROCEDURES

18.5.6 Evaluation Guide Specification Raling/18.5.7.3 Live Load

Based on values obtained using the Standard Specifications in the previous section, the
following ratings can be obtained from the Evaluation Guide Specifications.

Operating and inventory ratings using the factored load method:
 OM.—1.3M, _ (1.0)(3,468.0) - (1.3)(907.62) _

R For 1.3 Mo - (1.3)(841.1) B ‘ o
o OMa=13M _ _ (1.0)(3.468.0) - (1.3)007.62) ’s
TN T 3{1.67)My (1.3)1.67)(841.1)

Inventory rating using the allowable stress method:
fpe— oL~ Fue 2383~ (1.435+0.194) - (-0.424)
fog 0.972

REnN= =1.21

The inventory load rating is controlled by the service (allowable stress) requirement.
Therefore, the inventory rating is equal to 1.21. The inventory rating with the fac-
tored load method is 1.25, which shows that the use of this method may result in
a higher rating. The final rating factor for prestressed concrete structures should be
the lesser of the values obtained by the allowable stress and factorcd load methods to

ensute adherence to the original design assumptions.

As noted in Section 18.1, at present there are no established guidelines for load rating
using the LRFD Speczﬁmtzom The following rating is based on the guidelines given
in the Standard Specifications and is intended to illustrate the difference between the
two design specifications.

~ The dead loads are essentially the same as previously calculated.

The prestress loss calculation in the LRFD Specifications is almost identical to that of
the Standard Specifications except for minor changes to the relaxation calculation. The
total loss calculated according to the LRFD Specifications is 41.62 ksi compared to 40.56
ksi using the Standard Specifications. Since these values are fairly close, the effec-
tive prestress will be taken as the same value above, computed using the Standard

Specifications, i.e., 161.94 ksi.

Rating live load: HL-93

Maximum truck moment per lane: My, nszoqructy = 896.0 fe-kips
Maximum lane moment per lane: My, yis20(ane = 338.0 fi-kips
Magimum tandem moment per lane: My, nsaoqandemy = 762.5 ft-kips
Dynamic load allowance: IM = 0.33

AASHTO lane-load distribution factor for cross-section “type k” with two or more
lanes loaded:

g 0.6 5\ K 01
LDF=0.075+ ( 9'5) (L) (12.0L & ) : [LRFD Table 4.6.2.2.2b-1}
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18.5.7.4
Live Load Stress

18.5.7.5
Strength Caleulation

18.5.7.6
Inventory Rating

CHAPTER 18

LOAD RATING PROCEDURES

18.5.7.3 Live Load/18.5.7.6 Inventory Rating

where
K, =n(+Ae) _ _ [LRFD Egq. 4.6.2.2.1-1]
= 4287[ 195 300+ 560(45 +75-2027 - 7—5) =702,913 in.*
3,535 2
RATN4r8 17 702,013 )" o
LDF=0.075+( : ) ( ) 20 | 0726
95 ) 65 ) La2.0065)(7.5)

The live load moment is specified as the lane load moment plus the larger of the
truck or the tandem moment:
Miy.1 = LDF[Myne Hs200ane) + max(Mla.ne—HSZO(tmck)’Mlane—HSZO(ta.ndem))(1 +IM)]

= (0.726)[338.0 + 896.0(1.33)] = 1,110.5 fr-kips '

f oMy (1,110.5)(12)(35.07)
H I 364,324

<

=1.280 ksi

It can be seen that the live load stress calculated by the LRFD Specifications is much
higher than that calculated by the Standard Specifications (1.280 ksi versus 0.972
ksi).

Because the strength calculation in the LRED Specifications is similar to that in the Standard
Specifications, the detailed calculations are not presented here. For a presentation of the
details, consult Section 8.2. To review a sample calculation, refer to Design Example 9.4.

M, = Apsfips (d - %) = (22)(0.153)(264,21)(48 23— 3714)(5) = 3,458.0 f-kips

This is very close to the value obtained using the Standard Specifications (3,468.0 ft-
kips). The minor variation in the nominal moment capacity is due to the change in the
calculation for “f,” and sometimes for the calculation for “a” in the LRFD
Specifications.

The inventory rating should utilize the same principles that were used in the design.
Therefore, the inventory rating, according to Strength I, should be:

¢ M. — 1.25(M, + M + M) ~ 1.5Mus
1.75MiLa

~ (10)(3458.0) - (1.25)(308.07 + 431.48 + 72.35) — (1.5)(95.72)
B (175)(1110.5)

Although the live load moment by the LRFD Specifications analysis is 32 percent
larger than that by the Standard Specifications (1,110.5 fi-kips versus 841.1 ft-kips),
the load factor for live load is con31derably less for the LRED Specifications analy51s
(1.75 versus 2.17). Thus the inventory rating for LRFD Specifications Strength 1 is
only 6 percent less than that for the Standard Specifications (1.18 versus 1.25).

REn=

=118

Inventory rating with LRED Specifications Service III (full dead load plus 80 percent live
load):
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18.5.8
Rating by Load Testing

18.5.8.1
Test Information

18.5.8.2
Test Results

18.5.8.3
Distribution Factor

CHAPTER 18

LOAD RATING PROCEDURES

18.5.7.6 Inventory Rating/18.5.8.3 Distribution Factor

Allowable tensile stress:
fpe = oL = Fallow _ 2-383—(1.435+0.194) — (~0.424)
0.8fia (0.8)(1.28)

R,.P,]N= =1.15

Theoreticaﬂy, the rating should also be calculated by checking compressive stress.
This is not presented here because it is not critical in this example. The final :atmg
should be the lesser of the service and strength check.

The procedures for determining operating rating with the LRFD Specifications
have not yet been adopted. Therefore, it is recommended that the operating rating
be taken as 1.67 times the inventory rating, the same factor used in the Standard
Specifications.

Target inventory rating: HS20
Maximum test load = two test trucks, each with a gross weight of 207 kips

Maximum moment per test truck per lane = 1,868 fi-kips

Solving for the live load stress that will cause the bottom fiber stress to reach the
allowable stress:

fir = foe = for = Bin = 2.383 — (1.435 + 0.194) — (-0.424) = 1.178 ksi

The stress, fyy, is theoretically the maximum stress that the bridge can be sub-
jected to without cracking. Since stress cannot be measured directly, the strain
corresponding to the stress, fj;, is computed as: g = fi/E. = 1.178/4,287 =
0.000275 = 275 x 1076, This strain value (275 microstrains) is considered the limit-
ing test strain to avoid any permanent damage to the bridge during testing.

In this example, the bridge was loaded incrementally using the two test trucks and
the strains were monitored at all critical locations. The maximum measured strain at
the bottom of the beam under the two test vehicles was 182 microstrains, which is
66 percent of the calculated strain limit, ;. The bridge showed no signs of distress
or cracking at any load level and load-strain relationships were linear throughout the
test.

The strain measurements across the bndge under maximum applied live loads are
shown in Fig. 18.5.8.3-1.

Calculate the measured wheel load distribution factor, WDF:

WDE = Nwam;x = (4)(1 82) =1.11
Zg 33+110+182+179+113+37

where N,, is the number of lines of wheel loads on the tested bridge.
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CHAPIER 18

Fig. 18.5.8.3-1
Strain Distribution in Bottom
Flanges across Bridge

LOAD RATING PROCEDURES

18.5.8.3 Distributlon Factor
Y Test Tr uCkS 7

200 ,
160 N
140
4 X

100 7 ~
80

7 AN
0l —~

20

Measured Strain, £ (Microstrain)

1 2 3 4 5 6
Beam Number '

For comparison, the wheel load distribution factor from the Standard Specification
is 1.49. The LRFD lane distribution factor calculated in Section 18.5.7.3 must be
_ multiplied by 2 for comparison, which is (2)(0.726) = 1.45. Therefore, the distribu-
tion factor determined by the load test is much lower than the values computed by
the two specifications.

Because the test vehicles are different from the HS20 truck, the stress from the test
for an equivalent HS20 truck plus impact can be calculated from the ratio of test
truc_:k moment and HS20 moment as:

Gom = (wﬂ}(—emm)@) = {MJH 82 x107)(4,287)

M 1,868
=—0.471 ksi

where the factor 2 equates the maximum wheel load moment for an HS520 truck to
two test trucks. '

test

Because the applied test load moment per lane (1,868 ft-kips/lane) is less than the
ultimate design live load moment per lane [2.17(2)(448)(1.26) = 2,450 fi-kips] the

load test is considered diagnostic.
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18.5.8.4
Test Inventory Rating Factor

' 18.5.8.5
Test Operating Rating Factor

18.6
REFERENCES

CHAPTER 18

LOAD RATING PROCEDURES

18.5.8.4 Test Inventory Rating Factor/18.6 References

The inventory load rating based on the test measurements is shown below.

£ —for —Fupy  2.383—(1.435+0.194) - (~0.424)

"REN=—H = =2.50

fasa0u ' o 0.471

The above test inventory rating, based on test measurements, is more than twice the
theoretical AASHTO allowable stress inventory rating obtained in Section 18.5.6.
The computed maximum tensile stress from load testing, 0.471 ksi, is significantly
less than the theoretically calculated value, 0.972 ksi. This is due to many beneficial
factors that are ignored in a theoretical load rating. These factors include:

* slab continuity

» diaphragms

* parapet composite action

* bearing restraint effects

* lower than expected prestress losses
* higher concrete strength

* higher concrete modulus of elasticity

In addition, the AASHTO load distribution factors are generally very conservative
resulting in the design of stronger elements than required by actual loading,

Maximum live load moment from test for equivalent HS20 plus impact:

I 364,324\ 0.471
=| =< |f = ? =407.7 fi-ki
Merr+ (ych HS20+1 ( 3507 J( 12 ) ps

Operating rating according to the Standard Specifications, Load Factor Method:
_0M, —1.3M, _ 1.0(3,458.0)-1.3(907.62) '

R.F.op = =4.30
OF T 13My,, 1.3(407.7)

The inventory rating factor (2.50) and operating rating factor (4.30) above are con-
sidered upper bounds due to the nature of diagnostic/linear analysis. Therefore, the
final rating should be limited to the original design, i.e., inventory rating of HS20,
or operating rating of HS(20 x 1.67) = HS33.

Guide Specifications for Strengeh Evaluation of Existing Steel and Concrete Bridges,
American Association of State Highway and Transportation Officials, Washington,
DC, 1989

Manual for Condirion Evaluation of Bridges, American Association of State Highway
and Transportation Officials, Washington, D.C, 1994

AASHTO LRED Bridge Design Specifications, Second Edition, American Association
of State Highway and Transportation Officials, Washington, DC, 1998 '

Standard Specification for Highway Bridges, 16th Edition, American Association of
State Highway and Transportation Officials, Washington, DC, 1996
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